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ADVERTISEMENT. 


T*. general truths in any ſcience are continually mul. 
tiplied, as its perfection adyances, and as its means of 
inveſtigation are improved. Such has been the fortune of 
chemiſtry. Its firſt principles have been but lately aſcertain- 
ed: And it is already rich in corollaries, or general reſults, 
which embrace and combine all its parts. A ſyſtematic view 
of theſe reſults may be highly uſeful. During theſe laſt twelye 
years, I have conſtantly endeavoured to arrange them into 
ſome ſuch form. I have often, in my courſes of lectures, 
given a ſketch of the arrangement I had adopted: More par- 
ticularly, in thoſe lectures, with which I every year cloſe my 
courſe, When explaining the phænomena exhibited by the 
known elaſtic fluids in their evolution, their fixation, and 
their influence upon all the operations of Art and Nature; I 
take occaſion to review the fundamental principles of the 
Science ; and give ſuch an abſtract of its whole materials, as 
recalls to memory all the changes to which natural bodies are 
liable, under the power of their reciprocal attractions. But, 
in any attempt to combine together theſe capital truths, great 
perſpicacity of diſcernment-is requiſite, to enable us to ſelect 
thoſe more general facts, in which all the minuter ones are 
be ſo comprehended, that they may be deduced from them, as 
{o many corollaries. Thoſe more general facts muſt like. 
wiſe be expreſſed with perſpicuity and preciſion, without 
ambiguity, without doubt, without looſeneſs of language. 
They muſt not be too numerous, but yet ſufficiently ſo to 
include every general fact of any importance. They muſt 
alſo be arranged * pen a conſecutive ſeries, and with a mu- 
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tpal connexion ſo natural; that they may exhibit all the ele. 
ments of the ſcience, and may ſhew their reciprocal relations 
and dependencies. 

Theſe ideas have regulated my ene of thoſe 
truths. I thought that they might ſerve for the foun- 
dations of a complete ſyſtem of chemiſtry; which ſhould 
embrace ſuch a number of principles, and thoſe ſo happily 
applicable to every minuter phænomenon; that it might 
enable perſons already well acquainted with the ſcience, to 
zecolle& all that immenſe multitude of facts of which it is 
compoſed ; and might, at the ſame time, explain to the begin- 
ner in chemical ſtudies, the nature of the courſe on which he 


is entering. 

It appeared to me, that I ſhould beſt accompliſh this 
purpoſe, by exhibiting a regular ſeries of propoſitions, 
allied to one another by general relations, and ſo arran- 
= ged, that their mutual connexion might be eafily perceived. 


. This I call The PnrLosopny or CHEMISTRY. All the pro- ; 
| poſitions contained in it, have been already printed under the , 
% article Ax1oMs, in the chemical department of the New En- [Alh 
cyclopzdia. For the uſe of the ſtudent of chemiſtry, I have * 

thought proper to publiſh them alſo apart, and in a commo- 22 

dious form. b 

The ſucceſs of the firſt edition of The ParLosornyY or 1 

CHntmTsSTRY, has encouraged me to reprint it. I have made - 

a few alterations, and ſome ſmall corrections, but hardly any A 

addition. The nature of the work is ſuch, that it can be little Ma 

enlarged, until the ſcience thatt? : he: greatly augmented, and 2 

Na. 
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LL the obſervations and experiments of Chemiſtry, 
may be reduced der the twelve following general 


heads, . | 
. The ation of Light. = | a 
II. The action of Caloric. | 
III. The action of air in Combuſtion. 
IV. The nature and action of Water. | 
V. The nature and action of Earths; the formation of 
Alkalts ; and the parts which theſe bodies a& in combinations, 
VI. The nature and properties of Combu/tible Bodies. 
VII. The formation and decompoſition of Acids. 
VIII. The union of Acids with Earths and Alhalis.. 
IX. The oxidation and ſolution of Metals. 
, The nature and formation of Vegetable Subſtances. 
XI. The tranſition of Vegetables into the ſtate of Animat 
Matters ; and the nature of Animal Matters. 


XIII. Laſtly, the ſpontaneous e 9% of Vegetable and 
Animal S wh/tances. 


Tust twelve articles may be made the titles of ſo many 
chapters; under each of which, may be introduced all ſuch. 
particulars as have a more natural and direct connexion with 
it, than with any of the others ; and which ſhall all together 
comprehend the whole ſum of our Chemical Knowledge. 
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CHAPTER I. 
© ALI 3%. Wet: BY 
The ACTION of LIGHT. 


I. IGHT, whether it be emitted from the Sun and the 

Fixed Stars, or be naturally diffuſed through all ma- 
terial ſpace, has four different modes of action in reſpect to 
the other bodies with which it comes into contact. It is 
either reflected wholly without decompoſition from their ſur- 
faces, ſo as to give the ſenſation of Whiteneſs, when it meets 
the eye: Or it is decompoſed, and but partially reflected, ex- 
hibiting any of all the variety of colours, except White and 
Black : Or it is more or leſs entirely abſorbed, fo as to afford 
to the eye, nothing but a Black ſhade : Or it paſſes through 
the bodies meeting it, with a greater or a ſmaller deviation 
from its former direction towards the perpendicular; which 
conſtitutes Tranſparency. 

II. Paſſing through tranſparent bodies, it is refracted in the 
direct ratio of their denſity, if they be incombuſtible ; and 
the refraction increaſes in the direct ratio of the increaſe of the 
combuſtibility of the body through which the light paſſes. 


Hence did Newton conjecture the combuſtibility of the dia- 


mond, and the exiſtence of a combuſtible principle in water. 
III. Light ſuffering refraction, is decompoſed into ſeven 
different rays ; red, orange, yellow, green, blue, indigo, and 
violet. It has been ſuppoſed, that three of theſe colours are 
ſimple; red, yellow, and blue; but the other four, com- 
pounded, each of thoſe two which appear on each fide, next to it 
in the refraQed pencil of rays; orange, of red and yellow; 
green, of yellow and blue; indigo, of blue and violet; violet, 


of red and indigo. This opinion, however, has not been ſatis- 
The 
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factorily proved. The decompoſition of light by the priſm, is a 
ſort of analyſis of it. | 
IV. Light acts likewiſe chemically upon bodies, in proceſſes 
of combination and decompoſition. Bodies immerſed in 
light, differ in their! charaQer,. from bodies kept remote 
from its contact; even when the other circumſtances are 
equal, The former ufually become coloured, volatile, and 
inflammable ; the latter exhibit properties oppoſite to theſe. 
V. By this chemical action of light, ſome acids are decom- 
poſed, and various other ſalts undergo a change of nature ; 
metallic oxides are in general reduced nearly to the metallic 
ſtate ; vegetables acquire colour, ſapidity, and inflammability. 
Plants withdrawn from the impulſe of light, remain white 
and infipid; in conſequence of which they are ſaid to be 
ætiolated. 

VI. Light ſeems to produce theſe effects, almoſt ſolely by 
abſtracting from bodies which have been burnt, that principle 
which they abſorbed during the combuſtion ; and by thus re- 
ſtoring to them that combuſtibility which they had loſt, It 
may be ſaid, that light uz=bwrns burnt bodies, 

The foregoing propo/itions may be applied to explain 

The colours of bodies; 

Tranſparency ; 

Opacity ; 

Brilliancy; 

Single or double refraction; 

Metallic luſt re; 

The decompoſition of acids and of metallic oxides ; 


Decompoſition ; 
The alteration of mineral colours ; 
Vegetation ; 


The renovation of the vital air in the atmoſphere z  / 

The decompoſition of water by the leaves of plants ; 

The formation of oils ; / 

The differences of nature, which diſtinguiſh the vege- 
tables of hot, from thoſe of cold climates. 

49 CHAP. 
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C HAP. II. 


The Acrron of CALORIC. * 


I. THAT which mankind in general call Heat, is a ſenſa- 
tion produced by a ſubſtance which modern chemiſts denomT- 
nate Caloric, Caloric applied to the human body, in a pro- 
portion larger than' that in which it already exiſts in it, warms 
our frame, and preſents heat to our ſenſes. When matters 
tower in temperature than our body, are applied to it, there 
is a portion of its caloric abſtracted; and we feel, of conſe- 


quence, the ſenſation of cold. 
II. Caloric penetrates through all the other ſubſtances in na- 


ture. It ſeparates their component particles from one ano- 


ther, and makes room for itſelf among them. It diminiſhes 
their mutual attraction; and dilates the bodies which they 
compoſe. It fuſes ſolids ; and rarefies liquids to ſuch degree 
that they become inviſible, aſſume the form of air, and are thus 
converted into elaſtic, compreflible, aeriform fluids. Liquids 
are therefore combinations of fulids with caloric ; gaſſes are 
ſolutions of diverſe bodies in caloric. Caloric is of itſelf, the 
moſt divided, the moſt attenuated, the lighteſt, and the moſt 
elaſtic of all the ſubſtances in Nature : And hence, its gravity 

cannot be eſtimated. | 
III. Caloric augments the mutual attractions of contiguous 
bodies, preciſely in the ſame proportion in which it divides, 
and 
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and diminiſhes the mutual attraction of the component par- 
ticles of each of them. In conſequence of this, it is ſucceſs- 
fully employed to effect new combinations ; and to promote 
the reciprocal union of different bodies. Hence the axiom 
corpora non agunt, mfi ſoluta ; bodies act not on one another, 


unleſs previouſly diſſolved. 


IV. Every different body, having a form and an arrange- 
ment of its conſtituent particles peculiar to itſelf, requires a 
peculiar quantity of caloric; to heat it to any given tempera- 
ture: which is called it particular capacity for containing 
caloric. From this it follows, that different bodies, even when 
of the ſame temperature, and when indicating the ſame de- 
gree of the thermometer, really contain different quantities 
of caloric; | 

V. That particular quantity of caloric, which each differ. 
ent body requires, to communicate to it any given tempera- 
ture, 1s called its ſpecific caloric. And as the differences of 


this ſpecific caloric in different bodies, cannot be meaſured by 


the thermometer; there has been an invention produced, which 
meaſures the differences of ſpecific caloric in different bodies 
of the ſame temperature, by aſcertaining the quantity of ice, 
which each of theſe bodies melts, while falling from the ſame 
higher to the ſame lower degree of the thermometer. The 
differences of the quantities of melted ice, indicate the diver- 
fities of ſpecific caloric in the different bodies thus compared. 
The inſtrument which this invention employs, 1s called a 

Calorimeter. f 
VI. All the experiments of thoſe modern philoſophers who 
have inveſtigated the theory of caloric, concur to prove, that 
bodies, when they change their ſtate, ſuffer alſo a change of 
their reſpective capacities for containing caloric. By tb 
change of the flate of bodies, is meant, the alteration of their 
ſolidity, liquidity, or elaſtic fluidity. By the mixture, there» 
fore, of any two ſolid bodies, of nnequal temperatures, and 
not entering into mutual combination, but having the ſame 
A 4 capacity 
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capacity for containing caloric, we ſhall obtain « maſs of an 
exactly intermediate temperature. But if theſe two bodies 
be of unequal capacities for containing caloric, then the tem- 
perature of the mixture will not be preciſely intermediate be- 
tween the temperatures of the two different bodies: And ac- 
cording as it recedes more or leſs from the preciſe interme- 
dium, will the difference between the capacities of the two 
bodies be greater or leſs. 

VII. The foregoing facts ſhew, that caloric has different 
attractions or degrees of affinity for different bodies. In alt 
combinations, therefore, the varied attraction of caloric ought 
to be carefully obſerved, and eſtimated, 

VIII. When bodies enter into mutual union, they or 
ſuffer a loſs of caloric ; which ſhews the new compound to 
have a ſmaller capacity than its conſtituent parts had, for con- 
taining caloric ; and in which caſe, the proceſs exhibits heat 
to our organs, and the temperature of the mixture riſes : 
as is the moſt common effect: Or elfe the bodies entering 
into combination, abforb caloric; and the new eompound 
contains more caloric, than its component parts | contained 
when they were ſeparate z* in which caſe, the mixed ſubſtances 
cool, while the co:ubination is taking place; the caloric which 
was before diffuſed in a free ſtate among their component 

particles, is now more intimately combined with them; and 
chere is even an abſorption of caloric from contiguous bo- 

IX. Caloric ſometimes adheres ſo tenaciouſly to particular 
bodies, as to hinder theſe from entering into combination with 
other bodies preſented to them. There are various ſubſtances; 
which, when rarefied to the ſtate of gazeous or elaſlje flui- 
dity, neither unite with extraneous matters, nor with one 
another. Double affinities muſt be employed, if we wiſh to 
make them enter into new combinations, without having ſixſt 
changed their gazeous form. 

L | X. 
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X. So powerful is the. attraQion of ;caloric for certain bo- 
dies, that it is very often uſefully employed to detach thoſe 
bodies from 'componnds in which they are combined ; and to 
analyſe or decompoſe a variety of compound fubſtances. In 
diſtillation, and in proceſſes of decompoſition, effected by the 
aid of fire, the whole proceſs conſiſts in the application of fire 
or caloric to matters of an extremely compound nature. 
Theſe matters are thus gradually diſſolved; and their prin- 
eiples are ſeverally detached in a vaporous or gazeous form, 
and in the order of their ſolubility by caloric. 

XI. It often happens, that light applied in conjunction with 
caloric, aids its operation, and vice verſa. Chemiſts find it 
advantageous to uſe tranſparent veſſets, which, when in the 
furnace, admit both light and caloric together. The effe& is 
the ſame, when opaque veſſels are ſufficiently penetrated with 
caloric, to become red-hot, or permeable by hght. 

XII. Some bodies abſorb caloric much more rapidly than 
others: And this property of abſorbing caloric is termed 
rather the conducting of caloric. Thoſe bodies which are the 
moſt highly coloured, are in general the beſt conductors 
of caloric. But the cauſe of this phenomenon is un- 
known. 

XIII. All theſe facts agree in proving, that caloric is a pe- 
culiar ſubſtance ; not, as ſome philoſophers have ſuppoſed, a 
modification of all natural bodies. We Know not, as yet, 
whether it be ſame with light. The farther we advance in 
the philoſophical knowledge of Nature, the more differences 
do we ſtill continue to diſcover between the action of the one 
of theſe bodies, and that of the other. 


| Application of the foregoing Axioms. 
The Dilatation of ſolids ; and the Rarefaction of fluids ; 
Thermometers ; | 

Fuſion; 

Sublimation, and Volatilization; 
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The Calorimeter; a table of the ſpecific caloric in differ. 


ent bodies; | 
The changes of temperature in different mixtures; 
Artificial refrigeration ; 


The production, and the ed of Gaſſes; 


Diſtillation, with different temperatures; 
Incandeſcence; 

The different conduQors of Calorie; ; 
The attractions of Caloric. 
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CHAP, III. 


The AcT10N of Ar, 


I. THE air acts in a maſs, upon all the other bodies in 
Nature, by its weight, its dryneſs or moiſture, its tempera- 
ture, &c, Hence, proceſſes of combination or decompoſition 


to which air has free acceſs, differ greatly from thoſe per- 


formed in vacuo. And for this reaſon, it is always neceſſary, 
in chemical experiments, to pay careful attention to the indi- 
cations of the barometer, the thermometer, and the hygro- 
meter. 

II. The atmoſphere is a vaſt laboratory in which Nature 
continually performs numberleſs proceſſes of analyſis, ſolu- 
tion, precipitation, and combination. It is an immenſe re- 
cipient, in which all the attenuated and volatilized products 
af terreſtrial bodies, are received, agitated, mingled, combined, 
or ſeparated. The air of the atmoſphere may thus be re- 
garded as a vague and confuſed mixture of mineral vapours, 
of minute particles of bodies animal and vegetable, of ſemi- 
nal grains and eggs; through which the luminous, the calo- 


ric, and the electric fluids, inceſſantly paſs and repaſs in all 


directions. Thoſe great changes to which it is liable; the 
operation of each of which, extends at once through a wide 
tract of ſpace, and which are exhibited to our ſenſes, in the 
| production 
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production of water, light, free caloric, and noiſe; have re- 
ceived the name of Meteors. 

111. Although of a compoſition ſo extremely mixed, and 
ſeemingly uncertain; yet is the air of the atmoſphere, to 
our perceptions, the ſame in its primary qualities, whatever 
the place from which the ſpecimen is taken. Its particular 
character is diſtinguiſhed by its two moſt eminent properties 
of maintaining combuſtion, and being fit for the ſalutary reſpi- 
ration of animals. Theſe two grand phenomena are ſo near- 
ly allied to each other, that a diſtint knowledge of the nature 
of air, may be obtained by the careful obſervation of what 
paſſes in the caſe of combuſtion. 

IV. A combuſtible body will not burn, unleſs it be in con- 
tact with atmoſpheric air, or with a certain ſubſtance extract- 
ed from atmoſpheric air. Combuliion. cannot take place in 
Vacuo. 


V. In any given quantity of air, a combuſtible body can 


burn only for a certain proportionate ſpace of time. An 
hundred parts of atmoſpheric air, contain only twetity-ſeven 
parts that can contribute to combuſtion. After a combuſtible 
body ſhall have abſorbed theſe twenty-ſeven parts, the com- 
buſtion will then ſtop ; becauſe the remaining ſeventy-three 
parts can be of no uſe to promote it. Atmoſpheric air is a 
compound of two different ſubſtances ; having only ſome 
other extraneous matters mingled with it ; which do not ex- 
ceed an hundredth part of the whale. Of thoſe two compo- 
nent principles of atmoſpheric air, one ſerves for the purpoſes 
of combuſtion and reſpiration, and is called Vital Air; the 
other, differing from vital air, in poſſeſſing qualities directly 
contrary to ita two moſt eminent ones, is called Gas Axote. 
VI. A body burning in common air, therefore, actually 
analyſes this fluid ; detaches the vital air; and by abſorbing 
it, gains an increaſe of weight, and undergoes a change of 
nature. The gas azote that remains, is lighter than atmo. 
ipheric air; extinguiſhes combuſtion, and deſtroys animal 


life; 
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life ; and is, as we ſhall hereafter ſee, a principle in the com- 
poſition of many bodies, particularly of ammoniac' or the vo- 
latile alkali, of the acid of nitre, and of animal ſubſtances. 

VII. A combuſtible body, after being burnt in atmo- 
ſpheric air, and-abforbing as much vital air, as it is capable 
of receiving into combination with it ; cannot again burn, al- 
though 'it be immerſed in freſh air; but has become incom- 
buſtible, and generally ſaline. | 
VIII. A body burning in atmoſpheric air, never entire- 
ly abforbs the , 27 parts of vital air. To detach the whole 
of the vital air, from any quantity of the air of the at- 
moſphete, and thus to accompliſh a complete analyſis of the 
latter; combuſtible bodies muſt be repeatedly immerſed in it, 
and the combuſtion renewed for ſeveral different times in ſuc- 

IX. That portion of air which is thus ubſorbed by com- 
buſtible bodies, and which we have hitherto named Vital Air, 
is likewiſe denominated Gas Oxigene. It has received the 
firſt of theſe names, becauſe it is the only elaſtic fluid fit for 
the ſalutary reſpiration of animals. The /econd has been af- 
fixed to ĩt, becauſe many bodies are, by the abſorption of it, 
rendered acid. | f 0 

X. Combuſtion conſiſts, then, in the fixation and abſorption 
of vital air by combuſtible bodies, and in the decompoſition 
of atmoſpheric air by theſe bodies. Since no elaſtic fluid but 
vital air, can act the ſame part in combuſtion ; it is eaſy to 
conceive, that a body which is ſufficiently combuſtible to ab- 
ſorb all the vital air out of a given quantity of atmoſpheric 
air; may be employed as a means of aſcertaining the preciſe 
proportions in which the twoelaſtic fluids of the atmoſphere 
are combined together in it. Phoſphorus is, upon this prin- 
ciple, at preſent uſed as an Eudiometer, to indicate the purity 
of air, that is, to thew what proportion of vital air it con- 
tains, 


IX. 
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Xl. As vital air is a Gas, and many combuſtible bodies, by 


abſorbing, fix it, and make it take a ſolid form; it muſt ne- 


ceſſarily happen, that vital air, when thus precipitated, will 


loſe the caloric'to which it owed its elaſtic fluidity. Hence 


comes that free caloric or heat, * is evolved during 


combuſtion. p 


- XII. Combuſtible bodice differ from one another, 1. In the 
degrees of rapidity, with which they reſpectively abſorb. 


oxigene; 2. In the quantities of oxigene which they reſpec- 
tively abſorb; 3. In the proportions” of the caloric which 
they ſeverally diſengage from the oxigene agſorbed; 4. And 


conſequently, in the more or leſs perfect ſolidity of the oxi- 


gene contained in them all, after combuſtion. 

XIII. Burnt bodies may therefore be defined to be bodies 
combined with oxigene. They are called alſo, oxigenated or 
oxidated ſubſtances. And ſince the greater part of thoſe bo- 


dies which are known to us, are either burnt or combuſtible ;/ 


there is reaſon for thinking, that a number of incombuſtible 


natural bodies, the compoſition of which is unknown, may 


poſſibly be hereafter found to be incombuſtible, only becauſe 
they are already ſaturated with oxigene. In ſeveral inſtances, 


this conjecture has been already confirmed by the progreſs of 


chemical diſcovery. 


XIV. From ſeveral of theſe preceding axioms, it hens, 
that when we burn a combuſtible body, that it may give us 


heat ; as, in our domeſtic apartments, in the cold of winter ; 


we derive, not from the combuſtible body, but from the air 
itſelf, the greater part at leaſt, of the caloric which exiſts in 
combination with it. [It may even be aſſerted, that the 


colder the air, ſo much the more heat does its decompoſition 
afford; for the colder the air is, the more is it condenſed ; 


and ſo much the greater is its quantity, in proportion to its 


bulk. We know, that the heat of our common fires becomes 
much more lively and intenſe, when the ſurrounding air is 
fuddenly cooled, The art, too, of increafing combuſtion by 

I | pouring 
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pouring a ſtream of freſh air, with bellows, upon wood alrea- 
dy inflamed, is founded upon this principle * © FIAT 
XV. Combuſtion, therefore, decontpoles not only atmo. 
ſpheric air, by the abſorption of one of its principles; but al- 
ſo the vital air abſtracted, by abſorbing, fixing, and ſolidifying 
more or leſs, the oxigene or baſe of the vital air, in the com- 
buſtible body ; and by diſengaging in greater or ſmaller abun- 
dance, the caloric which was the ſolvent of that baſe. 
XVI. Combuſtion exhibits another intereſting phanome.- 
non which bas been WITS 15 modern 3 This 
— 4s' 


* The Author ſeems here to miſrepreſent, or to expreſs obſcurely, the 
true chemical fact. Cool air is cold and denſe, only for want of caloric, 
to rarefy and warm it. Before the caloric can eſcape, and the oxigene 
enter into combination with the burning body ; the vital air muſt ever 
be ſaturated with caloric, to that point at which the attrafions of oxigene 
for the combuftible body,” and of caloric for other contiguous ſubſtances, 
are ſufficient/to overcome the mutual attraction by which caloric and 
oxigene are held in union, in vital air. Now, one combuſtible — | 
indeed have a more powerful attraction for oxigene than another; 
gene may have abſorbed caloric beyond the due point of o_ - 
And hence will the quantity of caloric vary, which is neceſlary to fit 
vital air for ordinary combuſtion, But this variation is never ſuch as 
the author ſeems in the text to ſuppoſe. Cold air is always rarefied 
by the abſorption of a new quantity of the ſurrounding free caloric, be- 
fore it enters into combuſtion, A ftream of denſe, cold air, revives and 
inflames combuſtion, —ſolely by the more rapid mechanical expulſion of 
the freed gas azote; by the abſorption or expulſjon of the evolyed caloric, 
which would otherwiſe have floated about, ſo as to make the praceſs 
languiſh; and by a removal of the aſhes, or the new compound of the 
combuſtible body and oxigene, in conſequence of which, freſh parts of 
the combuſtible body, are expoſed to the contact of the vital air. The 
action of bellows in promoting inflammation, is thus almoſt wholly me- 
chanical, In reading thoſe ſentences of the text which I have incloſed 
within brackets, it is to be carefully remembered, that, cold air does 
not neceſſarily contain more caloric, than the ſame bulk of bot air may contain 1 
but only has à capacity of containing more; which muſt commonly be more 
or leſs ſatisfied, before it can be decompoſed by combuſtion, | 
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is the diſengagement of light, ot the production of flame. It 
is certain, that the greater part of the light which, conſtitutes 
flame, is contained in vital air, of which it is a component 
principle: 1. Becauſe combuſtible bodies yield much more 
flame, when they burn in vital air alone, than in atmoſpheric 
air: 2. Becauſe ſome combuſtible bodies aſſord no flame, un- 
leſs when burning. in pure vital air: 3. Becauſe, in order to 
abſtradt oxigene out of bodies containing it, for the formation 
of vital air; it is neceflary not only to diſſalve the oxigene 
in 4 greater or ſmaller quantity of caloric; but alſo to add, at 
the ſame time, a due portion of light: 4. Laſtly, Becauſe 
there are burnt bodies, which, at the bare contact of light, are 
depri ved of their oxigene. The laſt of theſe four facts is ex- 
preſſed by the terms, unbur ning and decombuſtion ; phæno- 
mena which were ſaid] in the firſt chapter, to be produced by 
the action of light. 1 . 

XVI. Vital air is therefore a compound of oxagene 5 4. 


lidifiable, ponderous, acidifying baſe ; held in ſolution by 


caloric, and light 5 which are of themſelves ſubſtances in a 
ſtate of extreme attenuation, extremely elaſtic, and having no 


meaſurable gravity. Combuſtion conſiſts in the more or leſs 


perfect precipitation of * from its union * theſe. its 
two ſolvents. 


XVIII. A combultible body, eee diſen- 


gages from vital air, not only caloric, but light alſo. Every 
different combuſtible body diſengages its own peculiar por« 
tion, as well of light as of caloric, from vital air. There are 
probably ſome combuſtible bodies which diſengage more of 
caloric thau of light from vital air ; and others again which 
diſengage from it more of light than of caloric. 

XIX. Oxigene that is fixed in burnt combuſtible bodies, is 


therefore more or leſs entirely degrived of its light and ca- 


loric. The denſity, the ſolidity, which it-then acquires, 15 one 
of the,cauſes that regulate the more or leſs eaſy ſeparation of 
exigene from burnt, combuſtible bodies, for the formation of 


New 
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new vital air; Some of theſe bodies require, in order to this, 
more of light than of caloric, while others take more of ca- 
loric than of light. 

XX. From what is here ſaid, it is NY to conceive,. that 
the abſtraction of oxigene from a burnt body, is a proceſs di- 
realy the reverſe of combuſtion. Our language wants a word 
to expreſs this operation. It may be ſaid to anburn or de- 
oxidate bodies: And hence we may derive anburning or de- 
oxidation, as names to denote the event accom pliſhed. 

XXI. Oxigene, beſide adhering more or leſs tenacioufly 
to combuſtible bqfies, according as it is in its union with 
them, more or leſs ſolid, and has laſt more or leſs of its ſol- 
vents, caloric and light ; is alſo attached to thoſe bodies by 
virtue of its attractions, or peculiar affinities for every dif- 
ferent one of them reſpeQively. We are already acquainted 
with many of theſe affinities of oxigene, for different bodies: 
Ahd of ſome of them, the preciſe forces even, have been cor- 
rely aſcertained. 

XXII. By means of theſe affiatties, we often make oxigene 
to paſs from a burnt, into a combuſtible body. A ſpecies of 
combuſtion then takes place, which 1s more or leſs tacit and 
ſecret, in proportion as the oxigene is more or leſs ſolid in 
its combination with the burnt body, and more or leſs in the 
ſame ſtate of denfity, as the ſubſtance into which it is paſling. 
But this ſpecies of combuſtion is ſometimes accompanied 
with vivid flame and heat; phznomena which are exh#bited, 
whenever the body which receives the oxigene, requires it in 
a ſtate more ſolid than that in which it exiſted in the ſub- 
{tance now diveſted of it. Thus iron, zinc, antimony, arſe- 
nic, &c. burn with flame, when heated in contact with oxide 
of mercury : They rob this oxide of its oxigene, and require 
the oxigene to become more ſolid, - as it enters into combina» 
ion with them. 
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The foregoing Pr opofitions may be applied to explain 

The reſiſtance which the air makes to evaporation, to the 
ebullition of liquids, to ſublimation, &c.z - 

The ſolution of water in air, and the variations of the 
dryneſs and moiſture of the atmoſphere ; 

The effloreſcence and deliqueſcence of ſaline bodies; 

Aqueous meteors ; 

Experiments made at different heights in the atmo- 
ſphere ; 

Experiments made in vacuo z 

The comparative natures of combuſtible bodies ; 

The increaſe of the weight, and the change of the nature 
of theſe bodies after combuſtion ; | 

The hiſtory of native burnt bodies ; 

Artificial flame and heat ; 

The theory of furnaces ; 

The different proceſſes pied with Eudiemeters, for 
aſcertaining the degree of the purity of air ; 

The reſpiration of animals; 

The reduction of air to a mephitis by the effects of com- 
buſtion and reſpiration; 

The ſupport, diminution, and augmentation of animal 
heat ; | 

Tranſpiration from the ſkin and from the lungs, &c. 


CHAP. 


The NATURE and 'AcTION of WATER. 


I. WATER exiſts in three different ſtates. It is ſolid in ice; 


it is beſt Known as a &gwrd'; it is expanded by rarefaction 
into vapour or gas. | 

II. Tee is a cryſtallization more or leſs regular, tranſpa- 
rent, highly ſapid, elaſtic ; fuſible at a temperature above 
329 Fahrenheit; and which when entering iuto ſeveral new 
combinations, {till gives out caloric, notwithſtanding its pre- 
vious apparent deſtitution of heat, 

III. Ice of the temperature of 32% of Fahrenheit's thermo- 
meter, requires to its fuſion, preciſely that quantity of calo- 
ric which would be ſufficient to raiſe an equal quantity of 
water to the temperature of 167 Fahrenheit. Its capacity 
for containing caloric, 1s therefore not preciſely the ſame as 
that of liquid water: a difference owing to the peculiarity of 
the ſtate of ice; as has been explained in the VI. Section 
of the II. Chapter. | 

IV. Whenever liquid water loſes much of its heat, in en- 
tering into, a new combination ; it may be conſidered as be- 
coming ſolid. In ſuch combinations, it is often more ſolid than 

B 2 ice, 
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ice at the temperature of 320 F. Hence the ſolidity of mor- 
tar, and other cements made with ſlaked lime. | 
V. Water remaitis eternally ſolid, on various mountains 

which have been for ages chilled by the preſence of ice, as 

well as under the poles. Jt there forms a ſort of rocks, or 

hard and white concretions, not unlike to ſtones. 

VI. Liquid water is pure and taſteleſs, without ſmell, and 

850 times as heavy as an equal bulk of air. It forms rivers, 

lakes, ponds, ſprings, brooks, &c. It occupies cavities, fur- 

rows, and in general all the loweſt parts of the ſurface of the 

globe. | 

VII. It is rarely pure. At the ſurface, and in the inte- 

rior parts of the earth, it diſſolves and retains air, faline gaſſes, 

and terrene ſalts. It even acts upon the moſt ſolid ſtanes, 

: wears them down by attrifion, depoſites the particles which 

| it carries with it, and forms them into cryſtallized figures. 

] It has been, on this account, named the great ſolvent of na- _— 

ture. It gives riſe to many phænomena; and is one of the 

' prime agents which are for ever modifying anew the ſurface 

3 of the globe. Its motions, its currents, its action, have at 

length changed the nature of minerals, and have created, as ; 

it were, a ſort of new world, upon the old. I 
11 
v 
m 


r | 


gra, wee wagon — — —— — — 
- * 


* 4 2 22 ———_ Fon 


— 
* 
„ 


VIII. All waters on the earth contain, therefore, ſome ex- 

traneous ſubſtances. The preſence of theſe may be recogni- 

zed by the extraordinary ſpecific gravity of the water ; by 

its taſte being more or leſs infipid, earthy, and crude ; by its 
averſion to boil, and its inability to ſoften pulſe, or to frothe fo 
ſoap. That water is the moſt pure, which is the fartheſt ti 
ö from poſſeſſing theſe qualities. * 
| IX. Water, running over a bed of quartzoſe ſand, and in of 
contact with air, is ſufficiehtly pure for the ordinary purpoſes di, 
of life, and of the arts. But, water whach paſles through tic 
chalk, plaſter, or marble, or which ſtagnates over peat-earth, - Br 
bitumen, mineral ores, or in ſubterraneous caverns, at a pr 
diſtance tic 
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diſtance from the action of the atmoſphere; is always more 
or leſs impure. | 

X. Chemiſtry corrects the impurity, erudeneſs, and hard- 
neſs of waters, by expoſing them to the air, agitating them in 
contact with it, by boiling, diſtilling, and then aerating them. 
The addition of aſhes, alkalis, and light acids, ſerves to re- 
move in part, the bad qualities'of water, and ſometimes even 
deſtroys thoſe qualities altogether. Moſt of thoſe extraneous 
bodies by which the purity of water is altered, being either 
much more volatile, or much more fixed in their nature than 
water; diſtillation is therefore the ſureſt means for purifying 
water. Chemiſts, for this reaſon, uſe always diſtilled water 
in their experiments. 

XI. As liquid water is a combination of ice of the tem- 
perature 32* F. with ſuch a portion of caloric as would be 
ſufficient to raiſe a quantity of water equal to the quantity of 
ice employed, to the temperature of 167 F.; therefore ca- 
loric added to liquid water, rarefies it. At 212 F. water 
takes a gazeous form, and is diffaſed m vapour. This va- 
pour is much lighter, and in proportion to its actual weight, 
is expanded into a much greater bulk, than liquid water. 
It eafily penetrates: through all other bodies, and is diſſol ved 
in air, The elaſtic efforts which it makes to expand itſelf, 
whenever it experienees an increaſe of rs fit it for 
moving the largeſt bodies. 

XII. As liquid water abſorbs air, and thus becomes lighter ; 
ſo air alſo abſorbs and diſſolves water. Hence the evapora- 
tion of water. This ſolution of water in air is dry and in- 
viſible, like the air ; it follows the ratio of the temperature 
of the atmoſphere. The hygrometer does not accurately in- 
dicate the preſence of water in this ſtate ; for a perfect ſolu- 
tion of water in air, does not at all affe& that inſtrument. 


But water about to be diſſolved in air, and till more water 


precipitated from this ſolution, never fail to alter the ine 
tions of the hy grometer. : 
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XIII. Water is not, as it was long ſuppoſed to be, a fimple 0 
body. Upon the rapid combuſtion of various combuſtible 
bodies, more or leſs intenſely heated; ſuch as charcoal and 1 
pitcoal both previouſly kindled, iron red-hot, zinc in fuſion , 

0 
a 
v 


| | and red-hot, oils, &c.; water preſented to theſe bodies in this 
| ſtate, undergoes a decompoſition ; and a quantity of oxigene 
derived from it, is fixed in the combuſtible bodies. 

XIV. While the oxigene from water zs fixed in thoſe com- 
buſtible bodies which it Kindles and inflames ; the other com- 8 
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þ ponent principle of the water, being ſuſceptible. of ſolation in 
| caloric, forms inflammable gas, which is diffuſed in an uncom- * 
JJ bined ſtate. This ſecond ſubſtance, as being one of the ele- bs 
4 | mentary principles of water, has been named hbydrogene ; and b 
| its elaſtic fluid ſolation 1n caloric and light, has been called gas d 
F hydrogene. That diſengagement of this ſubſtance into gas, K 
T | | which takes place whenever water is decompoſed by a com- 
1 - buſtible body, is the cauſe of a great number of detonationss * P 
. and fulminations. | P 
Y XV. The gas hydrogene obtained in very many chemical ſy 
| proceſſes, comes always from water; «ther Fadically, and by 1 
the effect of a former decompoſition, by which the hydrogene tl 
has been abſtracted from water, and fixed in ſome other body " 
a which now reſigns it; or by the immediate and inſtantaneous K 
decompoſition of water itſelf. h. 

XVI. It has been aſcertained by many experiments, that 
water contains about o, 85 of oxigene, and o, 15 of hydrogene. * 
The compoſition of water by a chemical proceſs; one of bc 
2 the nobleſt diſcoveries of modern chemiſtry ; confirms the 15 
1 certainty of the analyſis of water. For, o, 85 parts of oxi- in 
| gene, added to o, 15 of hydrogene, give „100 parts of pure Ol 
| water, 01 
| XVII. The decompoſition of water by a combuſtible body, bi 
| is always effected by the double affinities of the oxigene of i 
* ol 


q | the water for the combuſtible body, and of caloric for the hy- 
drogene of the water. On this account, the greater the quan- 
2 tity 
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tity of the caloric matter employed ; ſo much the more rapid 


is always the decompoſition of water by iron, charcoal, &c. 
From this need of a great abundance of caloric, in this procels, 
an idez may be drawn, of the manner in which bydrogene, 
one of the component principles of water, comes to acquire 
a degree of levity ſo much greater than that of the water in 
which it before exiſted : A cubic foot of water weighing 70 
lib.; while a cubic foot of gas hydrogene, weighs only 61 
grains, 

XVIII. Gas hydrogene, which is always originally deri- 
ved from the decompoſition of water; carries with it, uſually 
a confiderable portion of the body with which it was laſt com- 
bined ; and this either in ſuſpenſion or ſolution, according as 
that body was of a nature more or leſs mixed. It is common- 
ly mixed with gas azote, with carbonic acid gas, or with vital 
air; or it holds in ſolution, water, carbone, ſulphur, phoſ- 
phorus, arſenic, oils, alcohol, æther, &c. According as its 
purity is contaminated by one or another of theſe different 
ſubſtances; it varies in odour, gravity, inflammability, the 
colour of its flame, its action upon different ſubſtances, and 
the extraneous products which, beſide pure water, it affords, 
when burnt, Hence all the different ſpecies and names of 
inflammable gas, the generic baſe of which, 1s always gas 
hydrogene. 

XIX. Gas hydrogene being one of thoſe natural ſabſtances 
which contain the -moſt caloric ; is one of thoſe combuſtible 
bodies which the moſt eafily ſuffer their caloric to eſcape ; 
and which, by conſequence, afford the moſt heat, when burn- 
ing. Hence, all compound, inflammable matters ; ſuch as 
oil, greaſe, and in general all thoſe which are obtained from 
organized bodies; having hydrogene for one of the moſt a- 
bundant principles in their compoſition ; yield much heat, 
during their combuſtion, Of this charaQer, are alſo timber, 


* pit- coal, bitumen, alcohol, æther, &o. 
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XX. It follows alſo from the preceding facts, that com- 

pound, combuſtible bodies, containing much hydrogene in 

their compoſition ; muſt require, when they burn, a very 

large proportion of oxigene, and will afford water, as a 

| product of their combuſtion, in juſt proportion to the 
- quantity of hydrogene which they contain. Thus a pound 
=_ of alcohol gives by combuſtion, more than a pound of water, 
. | XXI. The combuſtible bodies that decompoſe water, are 
| in general, thoſe which have a fironger attraQtion for oxigene, 
than hydrogene has. But the efficacy of this attraction is 
greatly aided by the prefence of caloric, which for its part, 

tends to combine with hydrogene. Great abundance: of ca- 

loric, may even render water decompoſable by bodies, which, 

\ if cold, would be unable to decompoſe it. Light alſo contri- 
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butes to the ſame effect. 

XXII. Combuſtible bodies which, at whatever temperature, 
do not decompoſe water, on account of the faintneſs of their 
attraction for oxigene; which is in this caſe always weaker than 


the attraction between oxigene and hydrogene ;—will, on the al 
contrary, after being burnt by other means, undergo decom- ti 
poſition by ſuffering hydrogene to abſtra& the oxigene which er 


they had acquired, when burning. This happens to the 
oxides of lead, biſmuth, &c. c 


XXIII. Chemiſtry knows, as yet, no other means of de- al 
compofing water, but by preſenting to it, combuſtible ſub. p. 
ſtances capable of detaching and abſorbing its oxigene. We 15 
are acquainted with no bodies that we can apply in art, to abſorb ol 
the hydrogene, and leave the oxigene diſengaged. Nature, q 


however, poſſeſſes inſtruments by which the can accompliſh 
this particular decompoſition of water. The leaves of vege- 
tables, when the rays of the ſun fall upon them, ſeem to de- 
compoſe water, to abſorb its bydrogene, and to evolve its oxi- 


gene into vital air. This appears to be, in part, the mecha- 
niſm 


r 


* 
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niſm of vegetation, of the formation of oils, and of the renova- 
tion of the-atmoſphere. See Chap. IX. | 
XXIV. While hydrogene and oxigene, diſſolved each into 
into gas by the efficiency of caloric and light; remain both 
cold; they cannot combine, although brought into mutual 
contact: no inflammation is produced by their mutual im- 
pulſe ; there is no water formed. But when a Burning body 
is preſented to the mixture, when it is powerfully com- 
preſſed, or if it receive any ſudden and violent ſhock : the 
two gafſes then begin to unite ; combuſtion enſues ; and wa- 
ter is produced, - Fs” 

XXV. It ſhould ſeem, that a like event happens in the at- 
moſphere. Detonations in the air, or claps of thunder, are 
probably nothing elſe but the combuſtion of hydrogenous gas 
with vital air; and are accordingly followed, for the moſt part, 
by heavy ſhowers of rain. Other tempeſtuous rains ap- 
pear alſo to be owing to the ſudden formation of water in the 
atmoſphere ; in conſequence of the rapid combuſtion of hy- 
drogenous gas and vital air; occaſioned by the electric ſpark, 
and by the neceſlity for reſtoring the electric equilibrium be- 
tween one cloud and another, or between the clouds and the 
earth. 

XXVI. A multitude of chemical phænomena in nature and 
art, that ſeemed formerly to be unaccountable and miraculous ; 
are now perceived to be neceſſary conſequences of the decom- 
poſition of water. The influence of the general facts enume- 


rated in this chapter, is very great, upon the whole theory 
of chemiſtry, They will recur to our notice iu all the ſubſe- 


quent chapters. \ x 


Application of the preceding propoſitions. 
Artificial refrigeration ; 

- Theory of icy mountains, and of the polar ices; 
Varieties of the waters of the earth and atmoſphere ; 
Art of correcting the bad qualities of water; 

Theory 


* 
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Theory of the ebullition of water ; 

Difference between boiled and aerated water; 

Diſtillation of water in large quantities of ſalt water 

Theory of miſts and dews ; | 

Theory of the hygrometer ; and of the phænomena mea- 
ſured by it ; 

Inflammation of combuſtible bodies by water; 

Gaſſes diſengaged from the waters of marſhes; 

The diverſity of inflammable gaſſes; 

Colouring by inflammable gaſſes ; Yy 

The oxidation of metals, or ruſt formed by moiſt air ; 

Theory of detonation ; 

Some of the phænomena of the ſolution of metals; 

Some fundamental principles towards a theory of vegeta- 
tion, of the formation of oils, &e. 


CHAP. 


CHAP. v. 


1 


The Nature and Action of EARTAS and ALKALS. 


I. WHAT was formerly meant excluſively by the name 
of Earth ; and was ſuppoſed to be an elementary ſubſtance, 


the cauſe of ſolidity, dryneſs, inſipidity, inſolubility, &c.; is 


no longer to be regarded in any other light, than as one of 
thoſe vague, indeterminate ideas, which the imagination diſſa- 
tisfied with the fruitleſsneſs of experiments, often frames to 
amuſe it, inſtead of facts. We now acknowledge no ſuch 
thing as elementary earth. Inſtead of one, we have attained 
to the knowledge of five terrene ſubſtances ; each of which has 
an equal right to be termed elementary, fince each of them is 
found to enter into very many compounds. 

II. Of the five ſimple terrene ſubſlances which have been 
diſcovered, there are two in ſome ſort more eminently earthy 
than the reſt, more dry, more ſuſceptible of hardneſs, more 
inſipid, &c. The other three poſſeſs ſaline qualities which 
give them a fimilarity of nature, to alkaline ſubſtances. Theſe 
laſt three have been therefore denominated Salino-terrene, 


ſaline earths, alkaline earths, terrene alkalis. The two firſt 


are Alices and alumines, The latter three are barytes, mag- 
nia, and lime, 


III. 


as The Nature and Action of Eartbht ani Altalis, 


HI. Each of theſe five earths, is diſtinguiſhed by ſpecrfie 
characters, beſide thoſe generic qualities which deleng to all 
the ſive, in common. Their generic characters are, dryneſs, un- 
alterability by fire, the property of not being liable to decom- 
poſition, and of acting, in combinations, as ſimple, indeſtruc- 
tible ſubſtances. 

IV. Sitices, has been named alſo filiceous earth, quartzofe 
' earth, vitrifiable earth. It is rough to the feeling of the hand: 

it ſcratches and wears down metals; it is infuſible, and in- 
combuſtible; inſoluble in water or acids at leaſt the greater 
number of aeids; it is ſoluble by alkalis, when expoſed in con- 
tact with them, to an intenſe heat, and in conſequence of this ſo- 
Jution, forms with them a glaſs. This ſimple earth is found 
in great abundance, in ſand, quartz, flint, agate, jaſper, grit, 
and in all ſcintillating ſtones, which, indeed, have it for their 
baſes. It has not, as yet, been either decompoſed, or imita- 
tated by ſyntheſis. It has been conſidered as the fimpleſt of 
all earths, the element of earth, the principle of every other 
fort of earth: but theſe opinions have not hitherto been juſti- 
fied by obſervation or experiment. It is applied to a multi- 
plicity of uſes, for mill- ſtones, the manufacture of glaſs, ce- 
ments, pottery, &c. 

V. Alumines, ſo named, becauſe it forms the baſis of alum, 
is called alſo Argill, by ſome writers. It is ſoft to the finger, 
adheres to the tongue, forms a paſte with water, hardens in the 
fire. It combines with moſt acids, dries into flakes, and aſ- 
ſumes extraordinary hardneſs when mixed with water and 

filices together. It 1s contained in a large proportion, in 

common clays, in pipe-earth, in ſchiſtus, ſteatites, &c. In 
many of the arts it is employed, as a ſubſtance adapted to re- 
ceive and retain any artificial form, which may be baked by 
the fire, and which 1s fit to reſiſt the penetration of water. Its 
intimate nature or component principles are unknown ; it has 
been erroneouſly regarded, as /i/:ces altered, divided, and moul- 
dered down by the action of air and water. 


VI. 


fol 
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VI: Barytes, or ous earth, is a ſubſtance remarkable 
for its extraordinary gravity. In nature, it is never found 
alone, but always in combination with the ſulphuric or the 
carbonic acid. It takes a green or blue colour, when expoſed 
to the action of fire, in contact with the filices, or alumines of 
the crucible. In nine hundred parts of water, it diffolves ; 
it communicates a green colour to the ſyrup of violets; it has 
a greater affinity than even the alkalis with moſt of the acids ; 
its origin is unknown; but it is ſuſpected to be a metallic 
oxide; it ſerves, at all times, to detect the preſence, and aſ- 
certain the quantity of the ſulphuric acid. 

VII. Magneſia is a ſubſtance very fine and white; not 
ſubje& to alteratioa by fire ; ſoft and light; it reſembles the 
feculum of vegetables, and requires nearly two thouſand 
parts of water to diffolve it. It communicates but a faint 
greenneſs to the tincture of violets and mallows; with acids, 
it forms ſalts which are very ſoluble, and in which the mag- 
neſia is combined with a force of attraction ſo much leſs than 
that with which lime adheres to acids, that they are all liable 
to be decompoſed by lime. The attraction of magneſia for 
the acids, is nexfly the ſame as that of ammoniac; according- 
ly ammoniac and magneſia entering together into combination 
with acids, thus form a claſs of triple-ſalts, or ſalts with two 
baſes. This earth exiſts in a ſufficiently perceptible propor- 
tion, in ſerpentines, mica, ſlate, amianthus. Like the pre- 
ceding earths, it 1s indecompoſable, and of unknown com- 
pofition. _ 

VIII. Lime, the moſt alkaline of all the earths,-is the only 
one that has an acrid taſte, hot, almoſt cauſtic, diſagreeable, 
and urinous. It gives a dark-green tinge to ſyrup of violets, 
and when ſlaked in the open air, attracts moiſture from the 
atmoſphere. Under the a&ion of water, it becomes exceed- 
ingly hot, and abſorbing the water, becomes ſolid, in combi- 


nation with it. When flaked barely by expoſure to the at- 
moſphere, 
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moſphere, it gives out caloric, largely : it is ſoluble in leſs 
than ſeven hundred times its own weight of water. Diſſol- 


u 
ved, it attracts carbonic acid from the atmoſphere ; and on 
the ſurface of the ſolution, forms a pellicle of chalk-which has 1 
— been improperly termed Cream of Lime. Alone, it is unal- p 
terable by fire; but with ſilices and alumines, is reducible to of 
fuſion. It is plainly a compound; but its . prin- 1 
_ ciples are unknown. fe 
. IX. That earths are occaſionally converted into one ** * 
1 2 is merely a vain dream of naturaliſts. We have no proofs, q 
= that ſilices is by long expoſure to the air, changed into alu- tt 
| | 3 mines; that flints are trans formed into chalk; that chalk is my 
converted into magneſia; as has been too haſtily inferred from RE 
ſome ſlight and caſual appearances. i te 
X. The three alkaline earths have more the appearance of 
being compound, than magneſia or lime. We have reaſon to pe 
believe, that azote is one of their component principles; and be 
that they owe to, it their alkaline properties. Yet this opi- ov 
nion has not hitherto, been ſufficiently confirmed by experi- an 
ments. The formation of the alkalis, is, andeed, with great of 
probability, aſcribed to marine animals; and the fact that lic 
theſe contain much azote, ſeems to ſuggeſt, that azote is the ſo 
grand alkaligenous principle. in Nature. : fo 
XI. It has been ſuppoſed, that the five earths are of a me- be 
tallic nature; and it has been pretended, that by violent igni- of 
tion with charcoal, their reduction into the metallic ſtate, has 
been effected. But thoſe very few, and very ſmall metallic Hh 
globules which. have been in ſuch inſtances obtained, came thi 
evidently from the charcoal, and from the earth of the cu- ter 
pels : and thoſe having been diſcovered to be phoſphure of fut 
iron, whatever the earth in the treatment of which they were po 
procured ; it is hence evinced, that .the earths afford no me- ant 
tallic matters. Some philoſophers indeed continue to regard eſr 
the earths, as a ſpecies of burnt bodies, in which oxigene is aft 
extraordinarily adhefive ; and which, on account of this ad- ref 
heſion, 
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hefion, cannot be decompoſed. But, this opinion is, as yet, 
unconfirmed by obſervation or experiment, 5 

XII. Earths combine with one another; two and two, 
three and three, and even in compoſitions more complex; by 
proceſſes unknown to us, but which Nature continually ac- 


compliſhes in the great way; by them, producing ſtones va- 


rious in hardneſs, ſtructure, tranſparency, opacity, colour, 
form, &c. Art cannot imitate theſe compounds, for want 
of time, of ſufficient maſſes of the materials, and of an ade- 
quate extent of ſpace. Yet it produces ſomething fimilar to 
the natural compounds of the earths, by preſerving long in 
mutual contact, mixtures of the earths, which have been well 
wronght together, and at the firſt, moiſtened with a little wa- 
ter, 

XIII. The three alkaline earths hold an intermediate place 
between the earths and the alkalis ; and are allied alike to 
both. The alkalis are known by their acrid, burning, urin- 
ous taſte, their cauſticity, their peculiar action on the ſkin 
and all other animal matters, their converting the blue colour 
of violets to a green or even a greeniſh yellow, and their de- 
liqueſcency. The known ſpecies of alkali, are three, potaſh, 


ſoda, and ammoniac, Of theſe, the two former are named 


fixed allalis; becauſe they melt and become red in the fire, 


before being volatilized : the third, as being in this reſpect, 
of an oppoſite nature, is termed volatile alkali. 

XIV, Potaſh is known by the following characteriſtics. It 
is dry, ſolid, white, cryſtallized in rhomboidal plates, fuſible at 
the temperatureof 235, extremely deliqueſcent; it abſorbs wa- 
ter with the evolution of heat, and a peculiar, faint odour; by 
fuſion, it combines very well, and forms a tranſparent com- 
pound with filices. In nature, it is often found with lime, 
and in combination with different acids. It is obtained more 
eſpecially from vegetables; in the aſhes of which it remains, 
after their combuſtion. It has been thought to have ſuch a 
reſemblance to lime, that it might poſſibly be formed by the 

combination 
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combination of that ſubſtance with azote. But this opinion 
15 unconfirmed by experiment. 

XV. Soda is obtained by the incineration of marine plants, 
and forms alſo the baſts of common ſea-falt. It has a re- 
markable reſemblance to potaſb in its form, cauſticity, fuſibi- 
ity, deliqueſcency, its fuſion with ſilices, its action upon ani. 
mal matrers, &c. It long was, and ſtill might be confounded 
with potaſh. But the neutral ſalts which potaſh forms in 
combination with acids, are entirely different from thoſe which 
ſoda forms with the ſame acids. Soda has been ſuppoſed to 
be a compound of magnefia with azote ; becauſe ſalts with a 
baſe of magneſia, are as often found together with falts which 
have ſoda for their baſe, as calcareous ſalts, with ſuch as have 
for their baſe, potaſh. But neither the one idea nor the other, 
is well fouuded. | 

XVI. Ammoniac or volatile allali, differs greatly ſrom the 

I two preceding ſpecies, Its form is gazeous and peculiar, 
0 when it is diſſolved in caloric; diſſolved in water, it has 2 
I} Iiquid form equally peculiar ; its odour is lively and ſuffoca- 
—_ ting; it is ſoluble in the air; it is known to be eaſily decom- 


WH poſable by the ele&ric ſpark, by metallic oxides, and by the 
| . | nitric, or the oxigenated muriatic acid. This decompoſition 
has ſhewn ammoniac to be a compound of hydrogene with 


azote ; and in conſequence of this circumſtance, it often ex- 
hibits the phænomena of a combuſtible ſubſtance, This alſo 
explains the reaſon why animal matters under putrefaction, 
„ give out ammoniac. 
1 XVII. Should azote hereafter be aſcertained to be the prin- 
| ciple to which alkalis owe their formation ; the atmoſphere 
| | will then appear to be a compound of oxigene and allaligene 
W | each diffolved, ſeparately, in caloric. It will appear to be « 
| vaſt reſervoir, out of which the philoſopher may behold na- 
| ture drawing the materials of the two claſſes of compound 
[| agents which are the moſt active, and the moſt uſeful, in very 


many of her operations, 


The 
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Application of the Propofitions in this Chapter. 


The extraction, the — and the 9 of 


earths, _ 2 

The theory of the arts of making . bricks, 
tiles, pottery, porcelain; 

The theory of cements aud mortars; 

The reciprocal combinations of earths by fire ; 

The natural hiſtory of earths and ſtones ; 

The compound nature of earths and ſtones ; 

The natural alterations of ſtones ; 

The changes of colours by the alkalis ; 

Vitrification, and the proceſſes of the glaſs- maker; 

The extraction and purification of potath and ſoda; 

The theory of alkaline cauſtics z 

Some particulars relative to putrefaction. 


The Nature of COMBUSTIBLE BonIEs. 


I. COMBUSTIBLE bodies are too numerous, various, 
aud important in the phæuomena which they preſent, and the 
combinations with one another and with air, into which they 
continually enter; not to deſerve to be examined with the 
utmoſt care, in order to the diſcovery of their different pro- 
perties and ſpecific characters. 

II. Comprehending under this denomination, all ſubſtances 
that are capable of entering, more or lefs rapidly into union 
with oxigene, and of diſengaging from vital air, its light and 
caloric: We muſt next diſtinguiſh thoſe ſubſtances into two 
clafles ; fimple or undecompounded, combuſtible bodies ; and 
thoſe combuſtible matters which are, in their nature, more 
or leſs compound. | 

III. We call thoſe combuſtible ſubſtances, fimple, which 
chemiſtry has not hitherto been able either to decompoſe, or 
to torm ſynthetically. Their intimate gature is unknown, 
They are found ſometimes ſolitary, in the mineral kingdom, 


or in the two other kingdoms of nature; but almoſt always 


combined two and two together. Of this character are dia- 
end, hy drögene, ſulphur, phoſphorus, carbone, and all me- 
| tals, 
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tals. Each of theſe fix genera, is worthy of being examined 
by itſelf. 1 | | 

IV. Diamond is the hardeft of all bodies. It is very re- 
markable for the force with which it refra&s and decompoſes 
light; and from which Nxwron inferred, that it was highly 
combuſtible. In nature, it exiſts cryſtallized in octohædra, 
duodecahzdra, &e. It has ſome varieties of confexture, den- 
ſity, and colour. It burns with a perceptible flame; and 
while it burns, is reduced to vapour. Its combination with 
oxigene is ſtill unknown. Few bodies act upon it; were it 
not for its combuſtibihity, it might be ſuppoſed abſolutely 
unalterable. We know of no compound bodies into which 
it enters, as a component prineiple : of all the bodies in na- 
ture, it ſeems to be the leaſt ſubje& to chemical attrac- 
tion. 

V. Hydrogene is one of the component principles of water; 
and in combination with caloric and light, forms gas hydro- 
gene. The weight of this gas is to that of atmoſpheric air, as 
one to ſixteen. It is inſoluble in moſt other ſubſtances; but, ou 
the contrary, diſſolves ſulphur, phoſphorus, carbone, arſenic, 
oils, &c.; and by theſe ſolutions forms various forts of inflam- 
mable gas; which are at preſent named ſulpburated, phoſpho 
rated, carbonated, ar ſemated, oleaginous, Wc. bydrogenous gas. 
It decompoſes ſeveral metallic oxides, and ſome acids, of which 
the radical principles are ſimple and well-known; Jo all its 
compounds, whether combuſtible or incombuſtible, it com- 
municates a conſiderable refringent power. Becauſe water 
poſſeſſed this power of refraction, Nxwrox ſkilfully eonjectu- 
red, that it muſt contain ſome ſuch combuſtible ſubſtance, as 
this which has been at laſt diſcovered in its compoſition. Hy- 
drogene 3s alſo fixed in organic bodies, and forms a principle 
of thoſe mixed, combuſtible matters which they contain. See 
Chapters IV. and X. 

VI. Sulpbur is a yellowiſh ſubſtance, odorate, electric, tran- 
parent, and octohædral, opaque, and priſmatic, fuſible, and 
C2 ſubjed 
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ſubject to two different ſorts of combuſtion, Of theſe com. 
huſtions, one is flow, with a bluiſh flame, and yields ſulphu- 
reous acid; the other is rapid, with a white flame, and pro- 
duces ſulphuric acid. Sulphur enters into combination with 
earths and alkalis; and by theſe combinations is rendered 
ſoluble. It unites with metals, and forms with them ſulphu- 
reous ores, which exiſt in great abundance, in the earth, 
and either in a ſolitary ſtate, or in combination with pure 
metals, - 

VII. Phoſphorus is a white ſubſtance, tranſparent, cryſtal- 
lized, lamellated, and very ſuſible. It is ſubje& to two dif. 


ferent ſorts of combuſtion ; burning, either flowly, at any 


known temperature, with a whitiſh flame, an acrid odour, 
and the formation of phoſphorous gas; or at the tempera- 
ture of 1679, rapidly, with a vivid and very brilliant flame, 
without any ſenſible ſmell, and with the formation of phoſ- 
phoric acid. On account of its extreme combuſtibility, it is 
never found pure, in nature. It enters with ſufficient readi- 
neſs, into combination with ſulphur, and metals. It diſſolves 


in gas hydrogene ; detaches the oxigene from various me-. 


tallic oxides ; ſeparates the metals.from the acids, in the per- 
fection of their metallic form and luſtre. It exiſts in minerals, 
even more abundantly than in animals, to which it was for- 
merly ſuppoſed to be peculiar. 

VIII. Carbone, the combuſtible matter of coals, when pure 
from earth, alkali, ſalts, &c. may be burnt, if ſubjected to 
an intenſe heat. With oxigene, it forms carbonic acid. Of 
all known ſubſtances, it has the ſtrongeſt attractions for oxi- 
gene; which it detaches from all other burnt bodies. It 
exiſts in a large proportion, in both animal and vegetable 
matters of all ſorts. Of vegetables, it is almoſt the only ſo- 
lid baſe ; and on this account, {till remains in their form, 
after they have been decompoſed, either ſpontaneouſly, or by 
the action of caloric. It diſſolves in the alkalis, and in gas 
hydrogene, It unites with metals; forming, particularly, 


with 
: ( 


n 
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with iron, carbure of iron; which is found in all the king- 
doms of nature, and has been 4”. 34-28 termed Lead-ore, 
Plumbago, and Black-lead. 

IX. The metals are well known by their ponderofity and 
brilliancy. They are fufible, cryſtallizable, combuſtible. 
They decompoſe water and various acids, combine with ſul- 
phur, phoſphorus, carbone, and with one another, at differ- 


ent temperatures. In the ſtate of oxides, they act in reſpect 


to the earths and alkalis; the part of acids; and again ſerve 


to the acids; as ſo many ſalifiable baſes. This genus differs 
from the preceding genera, in poſſeſſing many ſpecies. In 
order to give a ſhort account of theſe ſpecies, of which there 
are now ſeventeen, well known, —a number which will proba- 
bly be much enlarged by future inveſtigatian ; I ſhall divide 
this Genus into five Sectiont. In the firſt ſection J ſhall 
comprehend metals brittle and acidifiable ; which are three 
ſpecies ; arſenic, tungſten, and molybdena. To the ſecond 
ſection, I refer metals that are brittle, and oxidable ons 
ly; being five ſpecies ; cobalt, biſmuth, nickel, manganeſe, 
and antimony. The third ſection will include two ſpecies of 
metals which ate ſemi-duQtile and oxidable ; zinc and mer- 
cury. To the fourth ſection belong metals which are highly 
ductile, and eaſily oxidable ; ſuch as tin, lead, iron, and copper. 
Laſtly, To the fifth ſection remain thoſe metals which are high- 
ly ductile, but not eafily oxidable; and theſe are the three 
ſpecies of filver, gold, and platina. As the ninth chapter is 
entirely appropriated to the purpoſe of explaining the moſt 
important chemical properties of metals, it will be ſufficient 
here to mention briefly, ſome of the ſpecific differences by 
which theſe bodies are diſtinguiſhed from one another. It 
may be proper to obſerve, that the names of /emi-metals, im- 
perfect metals, perfect metals, having been, evidently, derived 
from the errors of alchemy, onght to be baniſhed from the 
language of a ſcience that has now attained to conſiderable 
accuracy, 
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A. Arſenic appears in plates of a bluiſh grey colour, bril- 
liant, brittle, and which burn with a blue flame, and with the 
exhalation of a ſmell of garlic. 

B. Tung/ien is of a greyiſh white colour, granulated, fri 
able, almoſt infuſible, almoſt inſoluble in acids, but very eaſily 
oxidable and acidifiable by air and caloric. 

C. Molybdena preſents itſelf in a powder, or in blackiſh 
grains which are brilliant, aggiutinated, brittle, ſcarcely fu- 
fible, and which burn into a white oxide, that is volatile, 
priſmatic, and acidiſiable. 

D. Cobalt is granulated, ſine, of a roſe-white colour, brittle 
and pulverizable, not eaſily fuſible, and n blue, when 
it is melted with glaſs. 

E. Biſmuth appears in large plates of a yellowiſh white 
colour, brittle, very fufible, very cryſtallizable, very oxid- 
F. Nickel is grey, granulated, hard, not brittle, ſcarcely 
Fufible, and yields a green oxide, under the action of caloric 
and air. 

G. — is of a greyifh white colour, fine-grained, 
brittle, not fuſible without great difficulty ; the only metal 
combuſtible in the open air, and which inſtantly changes its 
colour, and is, within a few days reduced to a black powder. 
To preſerve manganeſe from this ſpontaneous combuſtion, it 
muſt be kept in alcohol, or oil. 

H. Antimony is white, pure, with large plates, brittle, dif- 
ficult to melt ; yields by combuſtion in the open air, a white 
oxide, which is ſublimated and cryſtallized ; and which com- 
bines with the alkalis in the ſame manner as an acid. 

I. Zinc is of a bluiſh white colour, in large plates, ſemi- 
brittle, not without ſome degree of malleability, eafily fuſible, 
the moſt inflammable of all metals ; when red-hot, it burns 
with a beautiful, yellowiſh white flame; it decompoſes water 
with great energy. | 
= K. 
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K. Mercury is fufible at the temperature of 3549. below 
zero in Fahrenheit's thermometer; and at 389 under zero, 
congeals. It may be reduced to a black oxide (throps per 
ſe) by mere diviſion; and this fimple proceſs extingu hes 
and fixes it in all thoſe thick or viſcid matters with which it 
is uſually triturated. 

L. Tia is a gliſtering white ſubſtance, ſoft, light, ſcarcely 
ſonorous, ſuſceptible of being ſcratched by the nail, very fu- 
ſible, very combaſtible ; which yields a white oxide that 
impairs the tranſparency of glaſs, and converts it into ena- 
mel. 

M. Lead is bluiſh, duſky, ſoft, heavy, - eaſily fuſible. It 
yields an oxide, more vitrifiable than the oxide of any other 
metal, and a glaſs of a topaz-yellow colour. 

N. Iron is white, fibrous, the moſt tenacious of all metals, 
very averſe from fuſion, very combuſtible, the only metal 
attractable by the magnet. It acts with great efficacy in de- 
compoſing water ; is reduced to a powder, by expoſure to the 
open air; combines with charcoal, which converts it into ſteel; 
and is the only metal that aboupds in the two organic king · 
doms of nature. 

O. Copper is of a beautiful, gliſtering red colour, It is 
very ſoft, very ductile, odorate, poiſonous. Tt burns with a 
green flame: its bxides are brown, blue, and green. The green 
oxide requires humid air to its formation. 

P. Silver is white, pure, and brilliant, without ſmel! and 
without taſte, highly ductile, not oxidable by caloric and at. 
It burns with a greeniſh flame, when acted upon by the el-4 ie 
ſpark. The vapours of ſulphur, blacken it. By the act on 


of air alone, it is unalterable. 


Q. Gold is of a beautiful, glittering yellow colour, highly 
ductile, leſs combuſtible and oxidable than ſilver, lefs alterable 
than filver by the contact of air. The electrie ſpark reduces 
it to an oxide of a beautiful purple colour. 

C 4 R. 
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R. Platina is the heavieſt of all metals, of a greyiſh white 
colour, with little brilliancy ; the moſt infuſible, the leaft 
combuſtible, the leaſt alterable of all metals. It may here- 
after become one of the moſt valuable inſtruments of the 
arts. | 


X. Compound combuſtible bodies are ſach as reſult from 

the mutual combination of two or more of the foregoing fimple 
combuſtible ſubſtances. The ſolutions: of ſulphur, carbone, 
phoſphorus, arſenic, in gas hydrogene; are inflammable com- 
pounds. The combinations of ſulphur with phoſphorus ; of 
carbone with iron; of metals with ſulphur, with phofphorus, 
or with one another; are ſo many compound combuſtible bo- 
dies. Theſe are the combuſtible matters, the moſt common 
in nature. Art feparating them from one another, obtains 
them pure and ſolitary. | 

XI. A compariſon of the properties of compound combu 
ſible bodies with thoſe of the ſimple, ſhews that the former 
ſometimes abſorb oxigene more eagerly than their component 
principles would do if ſeparate; as in the inſtances of many 
alloys and metallic ſulphures : but that, on the other hand, 
ſome compound combuſtible matters are rendered more averſe 
from burning than their principles diſunited would be, by 
means of that ſtrong energy of attraction which theſe prin- 
ciples exert one upon another; as is the cafe with all phoſ- 
phorated metals in general. Some of theſe combuſtible com- 
pounds remain long unalterable in the air ; ſeem to have in 
ſome manner loſt their combuſtibility, by their mutual com- 
bination; and are at laſt kindled, only by the application of 
An ſtrong heat to them: Of this character is carbure of iron, 


which has been uſefully employed to preſerve iron from ruſt- 


ing. | 
XII. Hydrogene and carbone are united in the moſt inti- 
mate .manner 1n the capillary tubes of vegetables. They 
often contain in their combination, ſmall portions of earth, al- 

o | kalis, 
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kalis, and acids, but eſpecially of oxigene. They form bitu- 
mens, oils, and refins; which, although tending to combuſtion, 
and a ſeparation of their principles; yet remain for ſome time 
in the equilibrium of combination; until a ſudden riſe of tem- 
perature, and the contact of air or water, deſtroy. the equi- 
librium, divide the elements of the compound, and bring them 
ſeparately into union with oxigene. The products of the com- 
buſtion of thoſe compounds, are always, water and carbonic 
acid. The ſame thing takes place in the caſe of alcohol and 
ther, which are formed by modifications of the principles of 
vegetables, and which, in an ultimate analyſis, are found to be 
merely combinations of hydrogene and carbone, with more 
or leſs of oxigene and water. See Chapters X. XI. and 
XII. Eat | 

XIII. This ſhort view of the different ſpecies of combuſtible 
fubſtances, and of their principal characteriſtie properties, 
ſhews what an important part theſe bodies act in the pheno- 
mena of nature. It authoriſes us to divide almoſt all natural 
products into two great claſſes ; combuſttble bodies, and burnt 
bodies. In the magnitude and the action of the former claſs, 
we ſee the cauſe of inllammable meteors, partial heats, volca- 
noes, perpetual changes of the ſurface of the earth, &c. In 
the exiſtence of the ſecond clafs, we perceive the ſource of the 
varieties and number of the acids, of the compound ſalts, of 
oxides and metallic ſalts, which diverſify in a thouſand ways 
the aſpect of ores in the earth ; the reciprocal decompoſitions 
of theſe ſubſtances ; and the alterations they undergo from wa- 
ter, air, and light. Vegetables appear to be ſo many machines 
organized by nature, in order to accompliſh the intimate mu- 
tual combination of many of theſe combuſtible ſubſtances ; 
and thus to produce compounds, the unpermanency of which, 
makes them peculiarly ſerviceable to the grand deſigns of 


Rature. 


Applications 
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Application of the foregoing propoſitions. 

The hiſtory of the combuſtion of every different comby. 
- ſible body, in particular detail. 

The hiſtory of ſulphurated ſoils, and of native ſulphuric 

| acid. N 
f The phenomena of natural inflammable gaſſes in quarries, 

miges, the atmoſphere, &c 

The properties of terrene, alkaline, and metallic ſulphures. 

The converſion of ſulphures into ſulphates and ſulphites, 
by the action of air and water. 

The properties, extraction, and combinations of phoſpho- 
rus; metallic phoſphures. 

The exiſtence of metallic carbures in nature. 

The phenomena which reſpe& the denfity, the gravity, 
the ductility, and the fuſibility of metals. 

The properties and uſes of alloys. 

The formation of ſecondary ores; by tranſition from na- 
tive metallic ſalts. | 

Volcanoes ; ſulphureous and bath waters. 

Bitumens ; the compariſon of ſulphur, charcoal, and other 
S£mple combuſtible bodies, with oils, &. ant 
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CHAP. VII. 


The FORMATION and DECOMPOSITION of ACIDS. 


vity, 


I. ALL acids reſemble one another in taſte ; in their man- 
ner of giving a red colour to vegetable ſubſtances ; in their 
common tendency to combine with earths, alkalis, and metal- 
lic oxides ; and in the property of attracting and being highly 
attractable. It was therefore natural to conclude, as did Sir I. 
Newton, that they reſembled one another alſo in their in- 
timate eſſence, and poſſeſſed ſome homogeneous principle com- 
mon to them all. This truth, chemical analyſis, with the aſſiſt- 
ance of the new inventions in chemiſtry, has aſcertained be- 
yond a doubt. 

II. Since every acid contains oxigene, and loſes its acidity, ' 
in proportion as it is deprived of this principle: Acids are 
therefore to be regarded as burnt or oxigenated bodies, which 
reſemble one another by containing, all, more or leſs of the 


P. 


fame acidifying element. 

III. The nature of acids, may be examined in two ways; 
either by producing them from their elements by combuſtion, 
uniting oxigene with ſubſtances liable to be acidified by it; 
er by decompoſing, and anburning acidified bodies, ſo as to de- 
tach 
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tach the oxigene, by means of other ſubſtances having a _ 
er affinity with it. 

IV. Confidered in this laſt point of view, all known acids 
may be arranged in three clafles; 1, Acids which we can both 
compoſe and decompoſe, and with the nature of which we are 
fully acquainted : 2. Acids which we can compoſe, but not 
decompoſe, and with the nature of which we are, by conſe. 
quence, more imperfealy acquainted : 3. Acids which have 
not been, as yet, either compoſed or decompoſed, and of 
which the nature is, by conſequence, wholly unknown to 
us. | 

V. Of nearly thirty ſpecies of known acids, there are, ſlrict. 
ly ſpeaking, only three, of the intimate nature of which we 
are entirely ignorant, as having been hitherto unable either to 
compoſe or decompoſe them. We may, therefore, regard the 
character of acids in general, as being well aſcertained ; and 
may proceed to conſider them in their general * and 
with reſpect to their compoſition. 

VI. All acids are, then, compounds of oxigene with Some 
other body : The former principle, common to them all, being 
the cauſe of their general reſemblance, and of thoſe qualities 
in which they all agree ; while the /atter, which 1s different 
in every different acid, preſents itſelf as the ſource of thoſe 
ſpecific qualities which are peculiar in each. The peculiar 
materials combined with oxigene in the various acids, are, on 
this account, called the radical or acidifiable principles. 

VII. The acids are, then, all combinations, of the radical or 
acidifiable principle peculiar to each ſpecies, with oxigene, 
a principle common to all the ſpecies. Hence it follows, that 
their common properties, which give them the acid charac- 
ter, depend on oxigene ; and that their mutually diſtinguiſhing 
qualities, which mark their ſpecific characters, are mg to 
their radical principles, 

VIII. The term Acid denoting the eſſential, general nature 
of theſe ſubſtances, forms the generic name. The peculiar 

name 
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name of the radical principle, added to that of the genus, may 
ſerve to diſtinguiſh each acid in-particular. Thus, ſulphur is 
the radical of the ſulphuric acid ; phoſphorus, of the — 
ric acid ; carbone of the carbonic acid, &c. 

IX. Although this nomenclature poſſeſs the advantage of 
expreſſing, with preciſion, the nature of every different acid, 
yet, it has not, hitherto, been applied to all the acids; beeauſe 
the radicals of ſome of them, are ſtill unknown; and of others, 
the radicals are themſelves ſo compound, that their names 
could not be introduced into thoſe of the acids to which they 
reſpe&ively belong, without We too great a multipli- 
city of words. , 

X. The acidifiable radicals may be combined with more or 
leſs oxigene; and in this view, are ſuſceptible of two different 
ſtates of acidification, In the one, they are combined with 
the ſmalleſt portion of oxigene that is not inſufficient to render 
them acid ; and in this caſe, their acidity, is very weak, and 
they act with but little energy on thoſe 'baſes which form 
with them, neutral ſalts: In the modern ſyſtematic chemical 
nomenclature, this ſtate of combination and acidity, is denoted 
by terminating the name of the weak acid in the ſyllable ows : 
Thus, we ſay the ſulphureons, the nitrous, the phoſphorus, 
the acetous acid, &c. The ſecond ſtate of acids, is that in 
which they contain a larger proportion of oxigene, and are 
for the moſt part completely ſaturated with it : 'They then 
poſſeſs all the attractive energy of which their acid nature 
is capable; and this ſtate is expreſſed in the new nomencla- 
ture, by the final ſyllable ic, in contradiſtinction from ou: 
Thus we ſay the ſulphuric, the nitric, the phoſphoric, the 
acetic acids. 

XI. In regard to the proportion of oxigene combined with 
the acidifiable radicals, what is ſaid in the laſt ſection, may 


even be greatly extended in its fignification. Every radical 


may be conſidered as capable of exiſting in four different 
itates : 1. As containing very little oxigene, not even enough 
. #4 
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to give it any thing of an acid nature; and in this ſtate, it is 
but an oxide; ſuch as ſulphur coloured red or brown by ex- 
poſure to the air; which is but an oxide of ſulphur: 2. As 
containing more acid, than in the former cafe, ſo much as is 
ſufficient to render the compound a weak acid; and ſuch is 
che ſulphureous acid, &c.: 3. As containing ſtill more oxigene 
than in the ſecond caſe, and being now ſo ſaturated, as to con- 
ſtitute a powerful acid; ſuch is the ſulphuric acid: 4. Laſtly, 
As containing a portion of ſuperfluous oxigene, above what 
is requiſite to render it a ſtrong acid; it is now called an oxi- 
genated, or even a ſuper-oxigenated acid. 


XII. From theſe foregoing facts, it appears, that there are the 
two ways of forming acids at pleaſure, with theſe ſeveral pro- of 
portions of oxigene. In one, we combine the radicals with It 
the quantities of oxigene which are 'ſely neceſſary to nit 
bring them into the new ſtate that we deſire to produce; as is acl 
done with ſulphur, phoſphorus, and arſenic. In the other, ] 
we detach from thoſe acids which contain the greateſt poſſible Wi but 
quantity of oxigene, certain proportions of the acidifying prin- 71a! 
ciple, by means of thoſe combuſtible bodies with which it cha 
moſt eagerly combines. ( 

XIII. This laſt method depends on the attractions of oxi- knc 
gene for the different combuſtible bodies, and is often ſucceſs. Wh acic 
fully employed, to effect the entire decompoſition of acids, by car 


abſtracting all the oxigene contained in them. Acids, by this I 
means, inflame combuſtible ſubſtances. In order to this, it is con 
only neceflary, that the acids employed, contain no ſolid oxi- Wh the 
gene; and that the inflammable matters brought into contact with Wh of « 
them, be able to abſorb the oxigene which thoſe acids contain, 
into a ſtate more ſolid than that in which it exiſts in the acids. 2 
It is not, however, every one of thoſe acids which are decom- ed 
poſable by combuſtible bodies, that can heat the combuſtible eacl 
matter to inflammation. | cha 
XIV. Heated charcoal is employed with ſufficient ſucceſs, ¶ acid 
to decompoſe all the acids ſuſceptible of this decompoſition. W pbr: 
I But 
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But there are other combuſtible bodies which ſerve the ſame 
purpoſe. Such are moſt of the metals, phoſphorus, ſulphur, 
hydrogene in that dry and ſolid ſtate in which it exiſts in its 
vegetable compounds. | 

XV. All the acids owing, 2s has been explained, their ſpe- 
cific differences to their reſpective radical principles; they 
may be diſtributed into four claſſes, the diſtinctions of which 


or unknown, /imple or compound. 


A. The firft of theſe claiſes, contains thoſe acids of which 
the radicals are known and fimple ; that is, which are formed 
of undecompoſed combuſtible ſubſtances, united with oxigene. 


nitric acid, the carbonic acid, the phoſphoric acid, the arſcmic 
acid, the tunſtic acid, and the molybdic acid, 
B. The ſecond claſs include acids having unknown radicals, 
Able but ſuch as are ſtrongly ſuſpected to be ſimple. The mu- 
drin- riatic acid, the fluoric acid, and the boracic acid, are of this 
ch it character. | 

C. I rank in the third claſs, acids of which the radicals arc 
oxi» Wl known to be of a binary compoſition. Such are the vegetable 


ceſs. acids, whoſe common. radical is compoſed of hydrogene and 


„ by carbone. The ſuccinic acid belongs likewiſe to this claſs. 
this D. The af claſs conſiſts of acids, the radicals of which, are 
it is compoſed, each at leaſt of three different ſubſtances. Such are 


oxi- the animal acids, which have for their radicals, combinations 


with of carbone, hydrogene, and azote. 


cids. XVI. Not only are theſe ſeveral claſſes of acids, diſtinguiſh. 
com- ed by general characteriſtics, marking each claſs ? But even 
tible each particular acid has its peculiar properties, by which its 

character is diſeriminated from the characters of all other 
ceſs, ¶ zcids. Theſe properties may ever be expreſſed by words and 
tion. phraſes, not leſs ſimple and eaſy than thoſe which Linnæus 
But taughe 
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ſhall be founded upon the nature of the radicals, as it is 4nown' 


It comprehends the following ſpecies ; the ſulphuric acid, the 
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taught naturaliſts to employ. A ſketchy of this mode of 'ex. 
preſſing theſe properties, follows below. — * 

XVII. The acids with ſimple and known cs are all 
decompoſable by combuſtible bodies, which they burn with 
more or leſs activity; and are thus reduced to their radicals. 
By this decompoſition was the nature of the radicals firſt dif. 
covered. Theſe acids may be alſo n anew, . DR 
axigene with their radicals. 

The acids, whoſe radicals are NN but from ſtrong 
ances; ſuſpected to be ſimple; have no other elaſſiſie cha- 
racter, but that of being indecompoſable POE r 
and not to be formed by art. ; 036 f 1 

The vegetable acids, with binary radicals, . 
eally diſtinguiſned; 1. By being all decompoſable by a ſtrong 
heat, and by the addition of a due quantity of oxigene: 2. By 
affording, when they are thus decompoſed, water and carbonio 
acid; which are formed by the preparation of their hydro- 
gene and carbone, and by the union of each of theſe bodies, 
ſeparately, with oxigene : 3. By their flow, ſpontaneous de- 
compoſition, when they are diſſolved in water, and expoſed to 
a temperature above 544 F.: 4. Becauſe they cannot be de- 
compoſed by any known combuſtible body; ſince their radi- 
cal is compounded of two ſubſtances, which are remarkable, 
as having the ſtrongeſt poſlible attraction for oxigene : 5. Be- 
cauſe they are mutually convertible in conſequence of 
differing from one another, at the ſirſt, in IG elſe but the 


The more compound acids with three. or more radicals, 
which derive their origin from animal matters; although the 
leaſt known of all the acids; have alſo ſome properties which 
may be regarded as their claſſific characters. Such are, the 
properiy of yielding ammoniac, when they are decompoſed by 
fire, and of affording Pruſſie acid by a change in the propor- 
tion of their principles. 


proportion of their principles. | dun 


XVIII. 


9. e 


The Formation and Decompoſition of Acidt a5 


XVIII. To theſe claſſiſic characters, we ſhall next add the 
ſpecific characters; and ſhall here endeavour to employ a ſy- 
ſtematic, technical language, fimilar to that of the botaniſt, 
and the zoologiſt, 


Acids of the firft claſs, having radicals which are ſimple and 
known. | | 

A. Sulphuric acid; formed from ſulphur and oxigene, by 
the combuſtion of the ſulphur ; inodorate, twice as heavy as 
water, very cauſtic, leſs volatile than water; affording ſul- 
phureous acid gas and ſulphur, by its decompoſition with red- 
bot coal, metals, &c,; forming ſulphates with the earths, 
alkalis, and metallic 'oxides. 

B. Sulphureous acid, highly odorate, very volatile, gazeous; 
deſtructive to blue vegetable colours, and fit to cleanſe away 
{pots made with theſe colours on a white ground; abſorbing, by 
{low degrees, the oxigene from the air, and from various acidsor 
oxides ; forming ſulphites with the earthy and alkaline baſes. 

C. Nitric acid, liquid, white, cauſtic, of a ſtrong nauſeous . 
ſmell; formed of azote and oxigene; capable of inflaming 
ſulphur, charcoal, zinc, tin, and oils ; liable to loſe, by the 
action of combuſtible bodies upon it, various proportions of 
its oxigene, and thus producing nitrous acid, nitrous gas, and 
nitrous oxide; deſtructive to colours; poſſeſſing the power 
of burning vegetable and animal ſubſtances, making them 
yellow, and converting them into acids; decompoſing. that 
ammoniac which is produced by the putrefaction of animal 
matters; forming nitrates with the earths and alkaiis; re- 
maining in an imperfe& union with metallic oxides, and ha- 
ving a tendency to acidify them. | 

D. Nitrous acid, or nitric acid with an inferior propor- 
tion of oxigene ; in ghe form of a gas, red or orange colour. 
td; extremely volatile, diſcolouring vegetables, becoming 
blue and green with water ; communicating a yellow colour 
to nitric acid, when united with it in various proportions ; .. 
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yielding nitrqus gas, under the contact of combuſtible hodlies; 


and forming nitrites with the earths and alkalis. 5 

E. Carhonic acid is formed of carbone in the proportion of 
0,28 parts, united with 9,72 of oxigene; is à gas heayies 
than common air, which it diſplaces ;, fills fubterranegus cg. 
vities; 18 evolved from liquors in vinous fermentation; ex- 
tinguiſhes lamps, kills animals, reddens only light blue vegę- 
table colours ; produces a precipitate. of chalk. in lime - Water, 
but again diſſolves the, chalk. in the water; mineralizesjacidn- 
lous waters, and enters into eambination with barytes, line, 
copper, i ron, and lead in mines. and quarries; ;. forms carbo- 
nates; with the earths, alkalis, and metall;g/ oxides ;, is decoms 
poſable only by phoſphorus, and when it as, in union with al- 
kaline baſes, particularly with ſoda, in the ſtate of in car- 
bonate. 

F. The phoſphoric acid is oompoſell of phoſphorus and oxi- 
gene, combined by a rapid and entire combuſtion ;/ is Liquid, 
thick, or ſolid, vitrifiable by fire ; diſſolves ſilices, while in 
the act of vitriſication; is decompoſable by carbone, by Which 
it is reduced to ſimple phoſphorus; and forms phoſphates with 
the earths, alkalis, aud metallic oxides. 264 

G. Phoſphorous., acid, differs from the holahorit, oolyiin 
containing leſs. oxigene; is volatile, and odorate; detachey 
oxigene from many other bodies ; and forms phoſphites with 
terrene, alkaline, and metallic baſes. 

H. The arſcnie acid is formed of the metal called he 
union with oxigene. Combuſtion reduces arſenic only to an 
oxide; and the nitric, or the oxigenated muriatic. acid, ĩs then 
neceſſary to afford the additional quantity of oxigene requiſite 
to convert the oxide into acid. The acid thus obtained, is 
fixed, fuſible into a glaſs, decompoſable by the action of 
large quantity of light and caloric, and hy many combuſtible 
bodies; forms arſeniates with earth, alkalis, and metallis 
oxides, The oxide of arſenic which combines alſo with 
ths 
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the fame bales, Wg e erg = a fort &f nen 
acid. 

I. Tunſtic acid is à compound of the metal of Ans with 
zxigene 3 exiſts in the form of a white or yellowiſh powder; 
Wi xed; infufible, ſcarcely ſoluble, reducible into tungſten by 
hydrogene, earbone, &c.; forms the native tunſtate of lime, 
rhich is called Lapir porderofus, and the pative tunſtate of 
iron, or wolfram of mmeralogilts. 

K. Molybdic acid is x compound of the metal named mos 
ybarna, with oxigene; is of a hat ſh taſte, is like the two 
cids laſt preceding; metallic; exiſts in the form of a White 
powder; becomes blue by the contact of thoſe bodies which 
reduce it; and . age: back i in- 
o the ſtate of molybdena- „ | 


dies; 


5 

Acids of the ſecond claſs, of untnoum radicali. 

XIX. The acids of which the radicals are unknown, but 
uſpected to be ſimple, are three in Oy GE mauriatic 
acid, the fluorie acid, and the boricic acid. 
A. The muristie ac is a garedus ot fluid ſubſtance; of a 
pungent ſmell, unalterable by any known combuſtible body; 
leprives all edmbuſtible/boudies, particularly metallic oxides, 
f their-oxigene, and is thus changed into oxtgrnated muriatrc 
acid. Oxigenated muriartc acid is remarkable for its greentfh 
yellow colour; its power of thickening and conſtricting the 
organs of animal bodies; its property of deſtroying the co- 
lours of vegetable ſubſtances; and of inſlaming the moſt part 
f combuſtible” bodies; its capacity to form with potaſh, 2 
alt which rapidly kindles hot inflammable matters, and pro- 
Luce? the pureſt vital air that is kn . 

B. The flnoric acid is a gazeous ſabſtance ; forms in the 
ir, a very thick white vapour; corrodes glaſs ; diſſolves 
liceous earth; and with this earth forms a permanent 835, 
from which water ſeparates a part of the filices. 
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C. The boracic acid is dry, cryſtallized. in hexahs d 
plates, fuſible into a glaſs, almoſt ĩnſipid, ſcarcely-ſoluble; fu 1 
ble with filices, very feeble in its [affinities,, and. fable ty 
yield op the terrene eee to TEE 
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XX. The acids with binary radicals, mixed ot compannd 
belong almoſt 'excluftvely to the vegetable kingdom, and ar 
formed by the union of earbonated hydrogene, or hydrogen 
ted earbone, with oxigene in various proportions; which, a 
was before obſerved; accounts for their reciprocal. converſing 
into one another. Theſe acids are confiderably numerous 
and theĩt number may probably be augmented by progreſſim 
diſebveries I have therefore divided them into five. genen 
diſt inguiſhed from one another, by generio differenees in their 
formation. The. of theſe gent ta includes thoſe pure acid 
which are formed in vegetables; comprehending the ſuccinic 
acid, which is evidently of vegetable origin: In this, genus 
are five ſpecies; the ſuccinic: acid, the citric, acid, the galli 
acid, the malic acid, the benzoic:acid..\ The ſecond genus con- 
tains thoſe vegetable acids, whichare fully formed in vegetables, 
but are at the ſame time, partly ſaturated with potaſh;7 they ate 
called aeidula; they are two ſpecies 3 the tartareous acidulum, 
and the oxalio acidulum. In the thru genus, I rank all acid 
which are formed by the action of the nitric acid, and the pre- 
cipitation of its oxigene, upon vegetable ſubſtances : Of ths 
genus, we know as yet only the dſtinct ſpecies of the camphoric 
acid: The oxalic and malic acids indeed, are not unfrequently 


fotmed from vegetable matters, treated with nitrie acid. u al 
the fourth genus, I place thoſe acids which are formed in vege- Gon 
tables by treatment with fire; ſuch as the pytomucous, the bon 
pyro--ligneous, and the pyro-tartareous acids. The tb ge. is 
nus conſiſts of vegetable acids n by fermentation; oi falt 
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this genus we know none but the acdtous ſpecies. - The fol- 
lowing are the ſpeciſie characters of theſe twelve acids. 
A. The ſuccine acid is diſengaged and ſublimated from 


heated amber; is of a ſtrong bituminous ſmell, oleaginous 


nd inflammable, volatile, cryſtallizable into needles ; forms 


permanent cryftallizable ſalts, particularly with metallic 
oxides ; and adheres more 1 to the three eerths; than 
41 A; 

Bi The'dittio/acid is exyRailizable intu rhomboidal plates; 
is not con vertible into oxalio acid by the nitrie acid; has a 
more powerful affinity with the eaxths, than with the n. 
is readily decompoſod in water, or by: ſire- ? 

C. The gallie acid exiſts. in abundance in nut- galls; is cry- 
ſtallized into ſmall grey or yellowiſh needles ; is ſtiptio 3 pro- 
duces a blaek precipitate from ſolutions of iron reduces 
metallic oxides vhich ĩt finds in union with other acids 5 is 


to tke alkalis. ATC eis: 


convertible into oxalic acid by the nit rie acid. 
D. The malie acid abounds in apples; is — 1 


91 918 
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wr 
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. 


is convertible into 'oxalic acid by the nitric acid; is formed, 
at the ſame time as the oxalic _— EVER more © quickly, in 


vegetables treated with witric acid. 


1 N 


111 
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E. The benzoie acid is obtained en 3 ſtorax, bal- 
fam of Peru, vanilla, and cinnamon, by means of heat; is 


eryſtallizable into / flattened priſms; has an aromatic {mel 


when heated ; is fuſible by a gentle. heat; is volatile, inſſam- 
mable, ſcarcely ſoluble in water; is ſoluble, * not decom- 


poſable by the nitrie acid. 


F. The tartareous akin) A ne of, tartareous wack, 
imperfectly ſaturated with - potaſh ; exiſts in wines; is cry- 


| ſtallizable, and decompoſable by fire ; aſfords a large propor- 


tion of carbonic acid and vil, with a plentiful reſidue of car 


bonate of potaſh; by diſtillation, yields pyro- tartareous acid; 


is ſcarcely ſoluble; is decompoſable in water ; forms triple 
ſalts with the alkalis and metallic oxides; becomes highly ſo- 
luble upon the addition of borax or boracic acid to it. The 
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_ tartareous acid obtained from this acidulum, is: cryftall:aable 
into needles inter woven together 3 is unalterable in the ait, 
is highly ſoluble, affords acidulum, upon receiving the addi. 
tion of a ſmall portion of potaſh ; decompoſes ſo much of ful. 
phate, nitrate, or muriate of potaſh, or ſoda, as may afford 
potaſh ſufficient to reduce the acid to acidulum; 15 convertible 0 
into oxalio acid by the action of the nitric ade. 0 
G. The oxalic acidulum is formed of oxalic acid partially | 
faturated with potaſh ; is obtained as an extract from-Caltiof 0 
0 

n 

1 
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ſorrel; is-cryſtallized in parallelipipeds ; is hardly decumpo- 
fable by fire ; detaches lime from any other acid; is preciſeh 
ſimilar to the acidulum formed by the nitrie acid; when it i 
brought into contact with any vegetable matter whatſoever; 
is unalterable by the nitric acid; is the leaſt derompoſable, 
and the moſt oxigenated of all vegetable acids... 

H. The camphoric acid is formed by the action of the nitric y 
acid diſtilled upon camphor ; is cryſtalliaable in parallelipi- h 
peds ; forms with earths and alkalis, neutral falts that ate t 
highly cryſtallizable ; does not, like oxalic acid, abſtract lime 0 
from all the other acids; is very little xnowu. ; 0 b 

I. The pyro- tartareous acid is a modiſication of the tarts- tl 
reous acid, produced by fire; has the ſmell and colour of « tl 
burnt body; is very eaſily rarefied ; and bubbles up very 8 
much, under the action of heat; is not cryſtallizable ; forms ir 
with earthy and alkaline baſes, ſalts different from thoſe which n 
the tartareous acid yields with the fame rn: is t bite et 
known. g: 

K. The pyro-mucous acid is formed by the ditlilation of 
gums, ſugar, and fecula ;' has a lively agreeable odour of ca- 1- 
ramels; is volatile; colours vegetable and animal matters . 
with a red hue; is N e is intenſe heat; is but Wa 


little known. 6 c! 
L. The pyro-ligneous acid is obtained from wood by an 
lation; has a pungent, fœtid ſmell ; is not cryſtallizable ; is 


decompoſable by a ftrong heat; is volatile; forms —_ cr 
ſalts 


diſtil- 


le; is 


culiar 


ſalts 


cryſtallizable; is fol e in alcohol 


fales With earths, allelis; and metallic ozides 3 has peculiar 
attractions for theſe baſes; und as to its other qualivies utid 
relations, is not better known than the two ſpecies laſt pre- 
ligen 01 2ployiononsb 2 df oy 10 ννẽũ⅛e Hen s lo nei! 

„M. The e is formed by the fermentation of wine, 
and is on this acbount named Finegar; has an agreeable taſte 
and ſmell ; is liquid volatile; and decompofable by ardent 
heat; is liable to bet ſuperfaturated with oxigene, when it is 
diſtilled wich metallic oxides; and bechmes in comfequenoe 
of this change acetic avid or rh vinegar 5/ which is much 
more' acrid and more odorate than the aretous acid; and is alfo 
inflammable, and mixed wirh aloobol, . 
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Acid of the ſountb claſs with termayy radicals... 

XXI. The acids whoſe radicals are ternary compounds; and 
which have been in general deſeribed as conſiſting of darbone, 
hydrogene, and azute in union with oxigene; belong clliiefly 
to the animal kingdom. They are ſtill leſs known than thoſe 
of the third clafs. -Buty ſeeing that they all furniſſi ammonĩac 
by decompoſition with fie, and Pruſſie acid by a change in 
the proportion of theic ꝓrineĩ ples; I am led to ohſerve, that 
that the Pruſſic acid ſeems to ſl and in the fame relation to this 
genus of aoids, as that of the oxalie acid to the vegetabli acids 
in general. When auimal ſuhſtantes are by treatment with 
mtric acid; converted into oxalic acid, thore is conſtantly form- 
ed at the ſame time, a Portion of Pruſſie acid, uhich ĩs diſen- 
gaged in vapours. 

There are ſeven known animal acids, which appear to * 
long all to this genus of compounds; namely, the lact ie acid, 
the ſaccho- lactic acid, the ſebacto acid, the lhic acid, the for- 
mic acid, the bombie acid, and the Pruſſic acid. Each has its 

characteriſtie prope ies. A 

A. The lactio e formed by the addition of a dual por- 
tion of acetous * milk ſpontaneouſiy ſoured ; is not 
vields by diſtillation, 
D 4 a 


tartareous acid obtained from this acidulum, is eryſtallinabæ 
into needles inter woven together 3 is unalterable in the ait 
is highly ſoluble, affords acid ulum, upon receiving the addi. 
tion of a ſmall portion of potaſh ; decompoſes ſo much of tub. 
phate, nitrate, or muriate of potaſh, or ſoda, as may afford 
potaſh ſufficient to reduce the acid to acidulum; is convertible 
into oxalio acid by the action of the nitrio al]. at 
G. The oxalic acidulum is formed of oxalic acid partially 
ſaturated with potaſh ; is obtained as an extract from ſalt ut 
ſorrel; is cryſtallized in parallel ipi peds; is hardly decutapo- 
fable by ſire; detaches lime from any other acid ; is preciſeꝶ 
ſimilar to the acidulum formed by the nitrie acid; when it i 
brought into contact with any vegetable matter whatſoever; 
is unalterable by the nitric acid; is the leaſt decompoſable, 
and the moſt oxigenated of all vegetablè acids. 
H. The camphoric acid is formed by the action of the nit 
acid diſtilled upon camphor; is cryſtalliaable in parallelipi - h. 
peds; forms with earths and alkalis, neutral falts that arc 
highly cryſtallizable ; does not, like oxalic acid, abſtract lime of 
from all the other acids; is very little knoẽm. * by 
I. The pyro- tartareous acid is a modiſication of the tarta- Wl th 
reous acid, produced by fire; has the ſmell and chlour of « Bt <> 
burnt body; is very eaſily rareſied; and bubbles wpwery g 
much, under the action of heat ; is not cryſtallizable 3 forms in 
with earthy and alkaline baſes, ſalts different from thoſe which WH ni 
the tartareous acid yields with the fame _— is but little ed 
known. 85 
K. The pyro-mucous acid is formed by the diſtillation of 
gums, ſugar, and ſecula; has a lively agreeable odoar-of c- lo 
ramels; is volatile; colours vegetable and animal matters Wh ch 
with a red hue; is decompoſable i intenſe heat; is but m 


nn 


little known. ch 
L. The pyro-ligneous acid is obtained from wood by gil 

lation; has a pungent, fetid ſmell ; is not cryſtallizable; 1 th 

decompoſable by a ſtrong heat; is volatile; forms 1. er 
| ſalts 


falts with earths, alkalis, and metallie oides; has peenliar 
attractions for theſe: baſes; and as to its other qualivies urid 
telatiotms, is not better known than the two ſpecies aſt pre- 
ceding e lt Hemd & 19 ui 

M. The acetous acid is formed by the fermentation of wine, 
and is on this. account named N iacgun; has an agreable taſte 
and ſmell ; is liquid, volatile, and decompofable- by ardent 
heat; is liable to bei ſuperfaturated with oxigene, when it is 
diſtilled with» metallic oxides; and becomes in confequentce 
of this change acetic avid or hui ⁵ vinegar ; which is much 
more acrid and more odorate thun the aretous acid; and is alto 
W and mixed wich al-. 


aH nem dss is Hit Heide 0107 nord 
© Acids of the fourgh, cafe with tenwary radicals, . 

XXI. The acids whoſe: radicals are ternary compounds; and 
which have been in general deſeribed as conſiſting of darbone, 
hydrogene, and azote in union with oxigene; belong cliiefly 
to the animal kingdom. They are ſtill leſs known than thaſe 
of the third claſs. But; ſeeing that they all forniſh- ammonigc 
by decompoſition with fire, and Pruſſio acid by a change in 
the proportion of theic principles; I am led to obhſerve, that 
that tie Pruſſic acid ſeems to fland in the Fame relation to this 
genus of acids, as that of the oxalic acid to the vegetable acids 
in general. Wen animal ſubſtances are by treatment with 
mtric acid; converted into oxalic acid, thore is conſtantly form- 
ed at the ſame time, a Portion of Pruffic acid, vhichꝭ is diſen- 
gaged in vapours. r,, 

There are ſeven known animal acids, which appear to be- 
long all to this genus of compounds; namely, dhe lact ie acid, 
the ſaccho- lactic acid, the ſebacic acid, the Inhic acid, the for- 
mic acid, the bombic acid, and the Pruſſic acid. Each has its 
characteriſtie properties. 

A. The lactio acid is formed by the addition af a ſmall por- 
tion of acetous acid to milk ſpoutaneouſliy ſoured ; is not 
eryſtallizable; is ſoluble: in alcohol; vields by diſtillation, 
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an acid analogous to the pyro-tartaregus acid; forms deliqueſ.. 
cent Talts with the terrene ener decompoſes al. 
Kkaline acetites. n Ar i bits Woite! I bias ama 

B. The ſaccho-laQtic acid 3 is 3 ia a eee 
from the oxalic aeid formed by ſugar of milk and nitric 
acid ; is almoſt, inſipid, and almoſt inſoluble 3 is decom- 
poſable by fire, and, yields by this decompoſition, a ſublimated 
ſale, having the odour of bengoin, and Which forms cryftals. 
lizable ſalts with the alkalis 3 is very little known. HNO 

C. The ſehacic acid is obtained from greaſe by the action 
of fire; is ſeparated likewiſe from greaſe hy che alkalis, and 


lime, with the help of a ſtrong heat; is liquid, White, fuming. 


very acrid in odour and taſte; forms cryſtallizable and fixed 
ſalts with earth and alkalis; en muriate of 2 
is decompoſable by a ſtrong heat. 


D. The lithic acid exiſts in LAY urine; Aare, * * 


in the bladder; is dry, cryſtaVized in flat needles almoſt infi- 
pid and inſoluble, in part valatile, . decompoſable by a ſtrong 


heat; yields ammoniacal carbonate and Pruſſic acid when heats, 


ed. with fires forms with nitric acid, a ſolution. of a beautiful 
red colour ; is ſoluble in cauſtic alkali ;; is precipitated; from: 
the utine of perſons under ſever, with a reddiſh. or Seni 
colggx. I e don tebith 514 man 
E. Formic acid is 3 "eh ants or ſi — dis 
ſtillation, or ſqueezing with water; reddens; blue flowers of 


vegetables, even in the living inſect; is evolyed in a ſtrongly 


odorate vapour; in its ſmell reſembles, muſſæ; kills animals, 
in this gazeous form; is fit for the ſame domeſtio uſes as vi- 
negar; is decompoſable by a ſtrong heat; attracts oxigene 
from oxigenated muriatic acid; is often ſtronger than the ſul- 
Phuric acid; forms with alkalis and earths Wann and 
non- deliqueſcent ſalts; * | 
F. The bombic acid is preſerved in a n n near 
the anus of the chryſalis of the ſilk- worm; is extracted from 
this reſervoir by compreſſion, or by means of alcohol 3 is 
mingled, 
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near 
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gled, 


is {lightly acid in its taſte ; and 1 fr as it N r 


.. of Heads. oF 
mingled;'in"the' worm With a brown oil and à gum; is liquid, 
of an umher yellow colour, ſpontane dy decompoſable; yields 
Pruflic acid by diſtillation, and with the nitric” e k, is Un- 
known in its ombünation z. T .& 

G. Predke ud Which Mtürares 276, 4d n r the bo. 
lour of Pruſſian blue; is at preſent obtained by the diſtillation 
of blood; by the action of the nitric acid upon the albumen, 
the gluten, or! the fibres, &. of animals; is evolved; Wnle 
a formation of '6xalie acid takes place; is rematkable for a 
fetid, noxious ſmdl;reſeinbling that of bitter almonds; is ca- 
fily decompoſable'by a great heat, and om decompoſition, yields | 
ammonia ; is capable of aſſuthiug the" form of gas ; attracts 1.4 
metallic oxides from many of the ther acide; muy be form- | 
d by the union ef hydrogene; carbon, azite, and okigtne; 1 


1 
_ F 
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XXII. e down, it follows,” that the | 
acids which have been drvidet into two elaſſes, as beitg ſimple } 
| 


or ompoĩd in their radicals; differ yet more eſſentially in 

this; that tlie acids of the former claſs; are not mutually con- 

vertible into oue another; becaufe there is à wide difference 

between the properties of one ſimple radical, ſuch as ſulphur, 

and thoſe of another, as for inſtance phoſphorus, To effect 

the mutual converſion of any two acids with fimple baſes, it ** 
would be neceſſary to begin with converting their radicals in- 

to one another; a change wich art is far from knowing how 

to accompliſh, The ſecond claſs of acids, on the contrary, 

being, in general formed of a baſe compounded of hydrogene, 

carbone, and azote and combined with oxigene, appear to dif- 

ter from one another, only in poſſeſſing different proportions 

of the two or three principles in the compoſition” of their ra- 

dical ; and in the proportion of the oxigene by which the ra- 

dical is acidified; © They have a tendency to experience con- 

tinual variations in the proportions of their compoſition; eſpe- 

cially 
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cially under the influence of change of temperature; moiſture, 
&c.; and they thus paſs ſpontaneouſly intodifferent ſtates. Thus, 
for inſtance, by the efforts of vegetation-merely; plants come 
to contain different acids at different periods in their growth, 
Thus, ſolutions of vegstable/ acids in water; are altered, fuffer 
a change of nature, and at laſt yield all, more or leſs of car. 
boꝛiic acid and water, when Hg * ultimate period of 
their decompoſition. auf AT 
XXIII. Dhefe truths veing . . we can- 
not fail to perceive, that there remains yet to he Giſcovered, 
not only the nature of ſeveral acids, the com poſition of which 
is unknown ; but even the exiſtence of perhaps a conſiderable 
number of new acids in plants and animals. For among the 
products of thoſe organized beings; of which we hade begun 
to inveſtigate the principles, we are as yet far from having 
chauſted all the poſſible combinations of carbone, hydrogene, 
azote, and oxigene; as a very flight calculation will readily ſhew, 
To this order of reſearches and diſcoveries, is to be referred, 
the examination of thoſe acids which are ſaid to exiſt in cork, 
in grey peaſe, and in various vegetable matters, as alſo in the 
clot of the blood—craoric acid, and in the gaſtric juice, &c, 
It will alſo be perceived, upon inſpecting the particulars of the 
chapter immediately ſubſequent, that mo& metals, when 
burnt, appear to aſſume an acid character, and to act the part 
of acids in many combinations. Acid ſubſtances, therefore, 
ſeem to be the moſt numerous of all bodies, and to act the 
moſt important part in all thoſe chemical alterations whach 


bodies, ſimple and compound, inceſſantly undergo. 


Application of the above propoſitions. 
The: artificial formation of ſulphuric acid by the com- 
buſtion of ſulphur in the great way. 
The extraction of colour from white linens and ſtuffs by 
ſulphureous acid. 


The 
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ane arts E een by the e age 


” acid.” 


The art of engraving on: glaſs with the fluotĩe acid. 

Part of the theory of the formation of artificial nitrs- 
Works. Ie bie G ie das 0 
The exiſtence and formation of the ELIE: LY 

U The influence of the acids in mineralization... 
\ can. Ml The extraction, and purification of ah W722 aide and 
ered, - acidula. , | 
which The ſpontaneous dale and defirution of vegetable 
:rable | acids. 6:61 
g the if The mutual connetGons af eliaſa; ddbih und en inte 
begun one another hy vegetation, fermentation, &c. 
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I. ALL the acids combine without decompoſition, with the 
alkaline earths, and the alkalis. Theſe combinations have 
been termed neutral ſalts, middle ſalts, compound ſalta ſecon- 1 
dar ſalts, The two former of theſe names, are not gorrectly 
applicable to them, except when they are neither acid nor 
alkaline.; the two latter are more accurate, and more uſeful. 
All theſe ſalts are ealily, formed by art. Nature exhihits a 
great number, eſpecially of thoſe which are formed by acids 
of fample radicals. Mineralogy is daily obtaining the kuow- 
ledge of new, ſalts of this character, by the analyſts of mis 
nerals, which can alone explain their intimate nature. 
II. All theſe compound ſalts, require to be diſtinguiſhed by 
two names; one expreſſing the acid; the other, the terrene 
or alkaline baſe. The firſt of theſe names may have two va- 
riations of termination, correſponding to two different ſtates 
of the acid in the compound ſalt. The termination ate may 
be employed, when the acid is one of thoſe which are com- 
pletely ſaturated with oxigene, and whoſe names end in ic; 
thus the ſalts compounded with the n:tric acid, may be called 


nitrates, Words terminating in ite, will ſerve to diſtinguiſh 
the 
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the preſence of thoſe weak acids which are not fully ſaturated 
with oxigene ; and which when alone have names ending in 
ous g= thus nitritet are ſalts compounded. with the nitrous acid. 
III. As there are thirty-four ſpecies of known acids, and 
ſeven baſes, terrene and alkaline, ſuſceptible of ſuch combina- 
tion as forms compound ſalts, the number of theſe com- 
pound ſalts might be ſtated at 238. But this enume- 
ration would be far from accurate: 1: For there are 
but a few acids ſuſceptible of combination with filices : 
2. Becauſe there are other seids, which, on account of their 
weakneſs, cannot, without undergoing decompoſition, enter 
into union with terrene baſes, or with ammoniac : 3. Becauſe 
there are various acids capable of combining with the ſame 
baſes in three different ways, or of three different ſtates of 
ſaturation with thoſe baſes; namely, with exceſs of acid, in 
the exact neutral ſtate, and with exceſs of baſe. Neither can we 
exactly determine the number of the terrene and alkaline 
compound falts'; for we are as yet far from having examined 
thoſe combinations To fully as to know them well, and to be 
certain man 994 N not be fuſeeptible of various ſatu- 
rations, &c. 8 YO e 1999%5, ohr 07 old 
IV. As che acids have all different elective Artur 
affinities for every different terrene or alkaline haſe; it would 
be neceflary for us to know all theſe different affinities, in or- 
der that we might have à complete hiſtory of the compound 
ſalts. But only à ſihall number of theſe affinities have hi- 
therto been exactly determined: We are too far from poſſeſſing 
all the aſſemblage of facts, neceſſary to throw due ligfit upon 
theſe bodies: We have not as 425 8 examined a tenth 


part of then. | 


V. To enter an upon the hiſtory of compound ſalts; 
we muſt divide them into genera and ſpecies, and aſcertain 
their genera and ſpecific characters. Of this part of the hiſtory 
of theſe ſalts, only a flight ſketch can be here given; becauſe 
chemiſts have hitherto paid ſmall attention to it; although it 
be now of the utmoſt importance, to apply the methods of 

botany 


is founded upon the conſideration of the nature of the acids; 
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botany to the enunciation- of the! chemical properties of theſe 


and other bodies. a1 9846 * 4 
There are cies eee eee 


ſtematie arrangement of the compound ſalts. Of theſe, one 


the other refers to the nathre of the baſes. We cannot as 
yet form genera which ſnall comprehend all theſe ſalts, other. 
wiſe than upon the nature of the acids; for the acids alone 
can furniſh us with generic eharacters; 'the- influence of the 
baſes upon the properties of thefe compounds, is not yet ſo 
adequately known, as that We can employ theſe alkaline and 
terrene fubſtances, as the heads of generic diviſions. 

VI. We may reckon five and thirty genera of compound 
ſalts, correſponding to the number of the acids. The generic 
names are taken from the acids reſpe&ively: The 4ollowing 
are the denominations of the ee - * 


. 34 . — 


I. Genus, Sorruarrs. 
II. Genus, SULPAITES. 
III. Genus, Nrrxarrs. 

IV. Genus, Ntrxrrrs. 
V. Genus, CarBONATES.' 
VI. Genus, PnosritarEs. 
VII. Genus, Puosrhir ks. 
VIII. Genus, ARSENIATES. 
IX. Genus, ARSENITES. 
X. Genus, TunsTATES. 
XI. Genus, MoLYBzDaTEs. | 


XII. Genus, Mur1aTEs, J. 
XIII. Genus, OxiorxaTED MORIATES. 1 
XIV. Genus, FLUATES. | II 
XV. Genus, Boxates, acid, 
XVI. Genus, SuccinaATEs. | II 


XVII. Genus, CIrRATEs. 
XVIII. Genus, GALiLATES. 


XIX. 
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„„ NIX G „ 
XX. Genus, Bxxzoarxs. e n 
XXL Genus, TarTRITES. SCS. 
| XXII. Genus, OxALITES. -. - - 81 
XXIII. Genus, Caurnonarxs. ue a £ok 
XXIV. Genus, 'PreowucitEs.!- 4, +, 1 
$ XXV. Genus, PXROLIGNITES. | 
XX VI. Genus, Prxo-TarTarITEs. . , 
XXVII. Genus, AGETATES:.-- | . 
XXVIII. Genus, AGETITES, | 
XXIX. Genus, LacTaTEs: - / | 
XX. Genus, SACCHO-LACTATES» 1 
AN 8&XEL. Genus, SEATS JJ. 75 
XXXII. Genus, LIrmATEsSJ. 
XXXIII. Genus, ForMIiaTEs. / ' a an 
XXXIV. Genus, Bous ars in 7 
XXXV. Genus, PRUSSIATES, 


VII. Every one of theſe five and thirty genera, of compound 
falts which are here enumerated, is to be conſidered, with re- 
gard to its diſtinctive characters, or to thoſe properties which 
ſerve to diſtinguilh it from every other gepus, and to afford 
clear notions of thoſe differences by which all the genera are 
mutually diſcriminated. We muſt, for this end, chuſe out one 
fiogle property if poſlible, or at the utmoſt, two or three pro- 


perties, ſtrikingly different from one another, in every genus; 
and thus find the peculiar characters of all the genera. The 
following is an attempt at this. 


I. Genus, SULPHATES ; decompoſable by charcoal, &c. inte 
ſulphures. 6 ra 
n. Genus, Sorrmrxs; yield, by the contact of almoſt any 
acid, the ſmell of burning ſulphur with efferveſcence. 
III. Genus, Nrrxarrs; kindle combuſtible bodies, at al- 
moſt any temperature; and are almoſt all reduced to their 


baſe by the action of fire. 
IV- 
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IV. Genus, NITRITES ; decompoſable by weak acids which 


_ ſeparate from them a red nitrous yapour. ..... . 
V. Genus, CARBONATES ; in which the ne of the 
baſes ſtill remain more or leſs eminent; and which, with all 
the acids, exhibit à briſk and diſcernible efferyeſcence, that 
proceeds till the carbonic acid be wholly diſengaged. . 
VI. Genus, PHOSPHATES ; decompoſable mnddiately © ox im. 
mediately, by charcoal, which ſeparates the phoſphorus. 
VII. Genus, PHOSPHITES ; ; all immediately. deconpalable 
by charcoal, which ſeparates the phoſphorus ; and affarding 
vapours by the contact of the ſulphuric acid, c. 4, 
VIII. Genus, ARSENIATES 3 yield by the contact of bury. 
ing coals, the odour and the white yapour of arſenic ; are na 
decompoſable by acids alone, or without a double affinity. 
IX. Genus, AR5EXITES ; the arſenious- acid is, ſeparated 
2nd, precipitated from their ſolutions, . by, the d of any 
ther acid, even by that of the arſenic acid. 
X. Genus, TuxsrarEs; become yellow at the og of 
che pitric or the muriatic acid. 
JI. Genus, MoLYBDATEs,; theſe are to be wn yet; 
only by their affording molybdic acid, when treated with athet 
eie and by the peculiar properties of the 0 
acid. 
me Genus, Motares; 1 yield: muriatic * at * con. 
tact of the concentrated ſulphuric acid ; and oxigenated m 
riatic acid, by the contact of nitric acid. 

XIII. Genus, OX16ENATED MURIATES ; kindle all com. 
buſtible bodies, at a lower temperature, than do nitrates, with 
a briſk flame ; and after this combuſtion, remain oy ſlate 
of ſimple muriates. 

XIV. Genus, Fruarzs; emit, at the contact of concen- 
trated ſulpburic acid, a vapour that corrodes glaſs. 

XV. Genus, BokaTEs.; fuſible, with or without the ſep 
ration of their baſes; yield by ſolution, in union with anothet 
acid, —boracic acid in foliated cryſtals. 
| 2 


XVI. 
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XVI. Genus, Socctwarxs; we er diſtinguiſh and 
characteriſe, without firſt decompoſing them, and obſerving 
their ok Samy & for the moſt Part retain” a fine of burnt 
amber. ; Re" 
XVII. Cenus, CitrRATES ;. are not ſufficiently known to be 
diſcriminated by generic characters; in order to diſtinguiſh 
them, we muſt ſeparate he” citric ed by the > of the 
ſtrongeſt ane e Ads. 0 

XVIII. Genus, GAtLATES ; theſe are all very clearly cha- 

raſteriſed by the property which they poſſeſs, of producing a 
black precipitate from ſolutions of iron; and of effecting 
a partial reduction of the 6xides of filver, gold, and mercury, 

—at the fame time, n, they wx pr n ro their ſo- 


" - ry : $1 - 9 6 1417 . 


Jutions. 

XIX. Genus, MAtATES ; are almoſt all detect are 
to be diſtiuguiſhed only by a partial extraction of their acid, 
by means of minieral ariden. 

XX. Genus, BxwzoArEH; their genus may be determined 
by the ſmell which they emit” of the *btnizoic acid; and by 
their affordiug this acid, when expoſed to the «tion be van 
more powerful acids. n 
XXI. Genus, Taxrxrrts; we find characters Mn ch 
ſtriking, to diſtinguiſh theſe ſalts, in their tendency to form 
riple falts, and acidula Teſs foluble than the pure acid and 
he” neutral ſalts Which that acid forms" with the fame 
. | hive aria 6 Brraos D vo high e 
XXII. Genus, Oxatarxs; their tendency to form geidula 
carecly ſoluble; and the property which they poſſeſs of de- 
Mmpofing” all calcareous falts; are runtiene to . 
hem. ö 
XXIII. Genus, CamrnoRATEs ; Hs hin known, for 
+ 4 to be able to aſſign them, generic characters; they are to 
he ſep: diſtigguiſned by the preſence and the properties of the 

amphorie acid, partially obtained from tliem. = 
E 6 XXIV." 
XVI. eas 


=- 
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XXIV. Genus, —— in the ſame an the 


camphorates, 

XXV. Genus, Pad 3 PO: 
XXVI. Genus, Przo-TarTARITES; cannot be nn 
iſed. N 

XXVII. Genns, ACETATES ; tin but nets] ae 
minated from acetites; yield, when decompoſed by mineral 
acids, a very ſtrong, and a very pungent white vapour. 

XX VIII. Genus, ACETITEs; all to be diſtinguiſhed by 
their acid, ſeparated from the Here by other more hears. 
acids. 

XXIX. Genus, Lacrarts; are very little known ; diſtin- 
guiſhable only in their acid, ſeparated by other acids. 

XXX. Genus, SaccnorAcrxs; Ar the rms”. un- 
known. 

XXXI. Genus, SEBATES ; nl the white vapour, and | 
the acrid odour of the ſebacic acid, at the would of ws more OI 
powerful mineral acids. | 

XXXII. Genus, LrTHIATEs; in their edle, ns feebleſt lu 
of all acids; decompoſable even hy carbonic acid. 1 or 
XXXIII. Genus, FoxMIATES; wins. little — and only po 
diſtinguiſhable by their acid. | 

XXXIV. Genus, BOUBLATEN 3 not better known has the 
formiates. 

XXXV. Genus, PRUSSIATES ; deadly characteriſed by 
their power of forming Pruffian blue, with ſolutions of 


iron. | | 2 4 n N 
* 


VIII. To determine the ſpeciſie characters of nearly 24 
ſpecies which theſe thirty-five genera contain; they muſt be 
ſtudied with deep and aſſiduous care, In this department,f 
the ſcience of chemiſtry, is not yet far advanced. Wanting 
ſuch knowledge, let us at leaſt endeavpur to diſtinguiſh. the 
path we muit in order to lete the hiſtory of 
fix a proper method of ſtudying their 


theſe compounds, 


1 
Every 
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Every compound ſalt, terrene ox alkaline, exhibits to, the 
obſerver, the e Wes 3 


2: 


1. Form, bay ew 1 of — Theſe are * geo- 
metrically deſcribed. The inclination and the degrees of the 
angles; the primitive formation of the cryſtals ; their interior 
form ; their diſſection; and the laws of diminution which 
determine their varieties; ES to be all remarked and ex- 
prefed. 

Kg" oi in 1 the pin of the 

native with the artificial ſalt. 

3 Its taſte. A 

4. The action of mA upon it; 2 which may be ** —. 
at all, or fuſing, vitrifying, ſublimating, decompoſing, &c. 

5. The action of light. 

6. The influence of air, which may be either negative, 
or ſuch as to furniſn or abſtract water of cryſtallization. 

7. Its union with water; the quantity neceſſary to its ſo- 
eblet WY lution, at different temperatures; the. caloric then abſorbed 

a 1 or diſengaged. ; the, cryſtallization effected by Young or eva- 
4 only poration. 10 

8. The attraction of * ad n not tal. 
ſecting, or entering into a triple compound with the ſalt, 

9. The effect of the alkalis upon it, which may be negative, 
decompoſing, or ſometimes forming a triple compound. 
ons of 10. The comparative action of the acids different from that 

N exiſting in the compound falt ; and this is either ſuch as to 
| decompoſe, and deſtroy the peculiar nature bs the ſalt, or ſuch 
y. 2458 a5 to produce no eſſect upon it. | 
wit be 11. The influence of the neutral ſalts upon it; which is 
tnient, either negative, or tending to form a triple ſalt, by entire 
anting WF combination; or effecting a double decompoſition. by which 
ih the che baſes and acids are reciptocally changed; or producing a | 
tory el precipitation in conſequerice of the attraftion of ſome of the 
8 their ubgances for water. * 


E 2 12. 
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12. The ſolubility or inſolubility of the ſalt in lateo, 
hol. | 

13. Its alteration or inalterability by charcoal GY 
its acid, or leaving it unaffeRed. - 1911 

14. The influence of gn and AY upon this 
ſalt. 0 * 2's 

15. Its action on the animal economy, . 


IX. If ia the preſent ſtate of chemiſtry, all theſe inquiries 
could be ſatisfaQtorily anſwered ; the hiſtory of the compound 
falts, terrene and alkaline, would then, not only be com- 
plete, but would throw great light on many of the phæ- 
nomena of nature and art, which are, as yet, but little under. 
| Nood, 

X. We are already acquainted with ſome ſaline eombina- 
tions of an acid with two baſes ;—and theſe baſes are more 
eſpecially magneſia and ammoniac. Such compounds are de- 
nominated triple ſalts. But, there are probably many more if 
of them than we yet ſuſpect ; and theſe demand all the atten- 
tion of chemiſts, The earth expoſes hoth at its ſurface, and 
in its cavities near the ſurface, various ſaline compounds dif. 
fering from thoſe which art produces, —in that the former 
alone exhibit the fimultaneous exiſtence of two baſes, or 
even of two acids. Borate of lime, ang borate of magneſia 
have been already found cryſtallized together in cubw 
quarts ; ſulphate of lime and fluate of lime, in earth of Mar-. 
maroch, and ſtone of Rflremadura, &c, 


Application of the foregoing propofittons. 


The knowledge of native ſalts. 

The cryſtallization and purification of uſeful ſalts. 

The phenomena of ſolutions. 

The precipitation and preparation of alumines, mag- 
neſia, &c. 


The 
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The attraction of lime, potaſh, ſoda, and ammoniac for 


acids. | Lao! 
Tha formation of ucutral ſalts in nature.. 
All the particular facts relative to the manufacture of 
ſalts. 18150 1 Bat | BIIUIYG 1 in | | 
The preparation of the nitric, muriatic, boracic, &. 
acids, | . | ? { ; 1 
14 * — . 
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I. IN the fixth chapter preceding, we have conſidered. me- 

tals as combuſtible bodies undecompounded or ſimple, and cha- 
racteriſed by their more remarkable properties. But thoſe 
general facts are not ſufficient. The part which metals act 
among the phænomena of nature, and in the proceſſes, of art, 
requires us to examine them particularly, and in ſuch detail, 
that we may rightly eſtimate the full extent of their varied 
influence. | 5 OG 

II. Although metals be capable of mutual combination in 
their metallic ſtate, as well as of union with ſulphur, phoſ- 
phorus, carbone, and with all combuſtible matters in general; 
yet they are more commonly combined with oxigene, before 
entering into combination with any other ſubſtances : Or, in 
other words, in order to enter into moſt of the compounds in 
which they are known to exiſt ; they muſt firſt be combined 
with oxigene, or reduced to the ſtate of burnt bodies. All the 
ſingular phznomena which the metals exhibit in their combi- 
natious ; all the changes of form which they undergo ; are 
owing to their attraction for oxigene, and to the varying pro- 
portions in which they poſſeſs this principle, 
III. 
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III. Although there be many caſes in which the metals are 
ſuſceptible of combination with oxigene ; yet theſe may all 
be reduced to three general heads, The firſt is the contact of 
air, aſſiſted by the action of caloric ; the ſecond is owing to 
the decompoſition of water ; the third, to the decompoſition 
of acids. In this threefold point of view, we ſhall here con- 
Gder the oxidation and ſolution of metals. 

IV. All metals heated in the air, and raiſed to a certain 
temperature, higher or lower, before or after their fuſion, 
are liable to burn with a briſk flame, an ardent heat, and a 
real deflagration. They then abſorb oxigene in a more or leſs. 
ſolid ſtate. Such as are oxidated flowly, and without any 
ſeuſible inflammation, nevertheleſs diſengage. light and caloric 
from vital air; but in quantities ſo ſmall, that the light and 
caloric do not, during their diſengagement, become perceptible 
to our organs. | | | 

v. Riſe of temperature favours the abſorptfon of oxigene 
from the atmoſphere, by metals; and renders the combina- 
tion of this principle with theſe combuſtible bodies, more han 
lid than it would otherwiſe be. 

VI. While ſome metals burn in the air, only at a very _ 
temperature. fuch as gold, ſilver, and platina; there are 
others that burn at any temperature, even at the loweſt and 
with the utmoſt readineſs; ſuch as manganeſe which is o 
dated, and crumbles down into à powder, in the ſpace of a fer- 
tours, by the contact of air merely, and this even ſeveral de- 
Some metals, ſuch as iron, copper, lead, 


grees under zero. 


&c. burn ſlowly, and in the courſe of a few months in the air, 


even cold. - 

VII. All metals increaſe in weight during this proces, 
which never takes place without the acceſs of air; and abſorb 
a new principle of oxigene from the atmoſphere, without lo- 
ſing any thing of their former ſubſtance. The name of calci- 
nation formerly given to this phenomenon, cannot now be re- 


tained, any more than the term metallic calces, The words 
E 4 combuſtion, 
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combuſtion, and oxidation, are now employed to expreſs this 
proceſs; as is the phraſe metallic oxides, to diſtinguiſh: _ 
which are burnt 1n it. | „iet Sie aatienthd 

VII I. The colours which ms e they * 
with which their flame is tinged, appear to owe their origin 
to the ſolution of metallic particles in the light that is diſens 
gaged : thus copper affords a green flame, & . 

IX. Not only do all metals, compared with one another, in 
their combuſtion by the contact of air, abſorb different. quan- 
tities of oxigene, in order to their ſaturation, z but likewiſe 
each metal conſidered by itſelf, abſorbs various proportions, 
and ſtops at different, points of oxidation, according as the de. 
grees of its temperature vary. Thus tin, lead, copper, 
iron, change their colour, and are ſtudded with the tints of 
the rainbow, at the loweſt degrees of heat to which they are 
expoſed in contact with air: lead firſt becomes à grey oxide, 


then a yellow, and at laſt a red oxide; mercury. paſſes from 
black to white, from white to yellow, from yellow to red; 
iron at firſt a black oxide, becomes next a green, then z 
brown, and at laſt a white oxide; copper 1s firſt a brown oxide, 
then a blue, and in its laſt degree of oxidation, takes a green 
colour. TT” 
X. The metals differ all from one another, 3 in their attrace 
tibns for oxigene. There are ſome, which light, almoſt alone, 
and with very little caloric, is able to deprive of their oxi- 
gene, ſuch as gold, filver, &c. Others require in order to 
ſeparate the oxigene, a great degree of heat, and much light; 
ſuch as mercury. Laſtly, moſt metallic oxides do not yield their 
oxigene to caloric and light alone, and unaſſiſted by other mate 
ters. To decompoſe theſe laſt oxides, they are heated with 
charcoal which deprives them of their oxigene, | 
XI. In conſequence likewiſe of this diverſity in the attracy 
tions of the metals for oxigene, ſome metals will 'abſtract the 


oxigene from the oxides of other metals; almoſt any other 


metal detaches oxigene from gold or ſilver; copper detaches 
I It 


& * 


or 
in 
n- 


he 
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{+ from meteury, itbn from copper, &c. Theſe attractions ; 


dre not, as yet, all well knowu. What we do know of them, 
indicates the following to be the order of the attraQipns of 
theſe ſeveral metals for oxigene ; beginning with that which 
is the ſtrongeſt; u Uf Zinc, i iron, tin, copper, mercury, 
filver, gol. ' 

X11. Several metals' decompoſe water ; arid 80 this 
ſs much the more ſenſibly or rapidly in proportion as their 
temperature is higher; becauſe then the great quantity of 
the call . employed,” more powerfully attracts and diflolves 
the hydrogene. Thus fire decompoſes water with great ener- 
gy, at a white-red heat ; but cannot effe& the ſame decom- 
poſition otherwiſe than very ſftowly at even the higheſt tem- 
perature of the atmoſphere. 

XIII, Iron, zine, tin, antimony appear to be capable of de- 

antes water. Probably, man e, and even ſome other 
metallic ſubſtances are equally capable of accompliſhing the 
ſarat effe ts. This decompoſition is owing to an attraction in the 


metal for oxigene, ſtronger than that of oxigene for hydrogene; 


and in conſequence, the oxides of thoſe metals which dg not de- 
compoſe water, are liable to be wholly decompoſed by hydro- 
gene, But here we muſt diſtinguiſh among the different de- 
grees of oxidation: for oxide of iron highly oxidated, namely 
to a brown colour, is partly decompoſed by hydrogene, and 
reſtored to the Rate of a black oxide; as iron abſtracts oxi- 
gene from water only till it be oxidated black: Beyond this 
{tate of oxidation, tron 1s unable to decompoſe water. 

XIV. All metals capable of decompoſing water, effect this 
decompoſition much more eaſily and entirely, when they 
are aided by the contact of a body that has a great tendency 
to combine with their oxides. .. It often happens, even that 
netals, like other combuſtible bodies, which would not alone 
decompoſe water, become capable of effeing this decompoſi- 
tion, in conſequeuce of the preſence of ſome other ſubſtances, 
which act by a diſpoſing affinity, Thus the preſence of acids, 
renders 


%* 
F 
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renders almoſt all metals copale of fig the decompalni 


of water. 


XV. Metallic oxides have this beser is Guis opti, * 
tions, that they ſeem to perform the functions of alkalis or of tals, 
ter rene and alkaline baſes, in reſpect to the acids ; although Jecom 
they be, on the other hand, capable of combining with earthy enoug 
and alkalis, as if the were acids, There are indeed fewer of BW creed) 
thoſe oxides that incline to act the part of acids, than of-thoſy this ©: 
which are fitter for baſes to compound ſalts ; and it is obſer. mo 
ved, in general, that the oxides to which oxigene adheres the wund 

moſt tenaciouſly, are thoſe which ſaturate alkalis in the ma M underf 
ner of acids; ſuch as the oxides of antimony, lead; iron, and come t 
manganeſe, It has been already related in the VI, _—\ wto th 
that there are three metals actually acidifiable,-:: - xxl 
XVI. The metals cannot be diſſolved by the acids, witheu fition b 


being previouſly oxidated. On this account, metallic oxide I metalli 
ſoluble in acids, diſſolve in them ſlowly and without effervel. 
cence : but metals are not ſoluble in the nung 
out movement and efferveſcence. | 

XVII. The efferveſcence produced by the ſolution of m6- 
tals, is owing to this cauſe, that when they abſorb the oxigent 
they detach it from a principle which then aſſumes the-form 
af a gas or elaſtic fluid. This principle proceeds either from 
water or acids, according as the one or the other of theſes 
the ſubſtance decompoſed. Sometimes it originates from both 
theſe bodies at once; and then * are both decompoſed: by 
the metal together. 

XVIII. Tue ſulphurie acid thus eee by metils, if 
it be concentrated, yields ſulphureous gas: Nitric acid, pe 
the ſame occaſion yields nitrous: gas. 
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XIX. The ſulphuric acid, diluted in water, an pro: Mpx igenate 
moting the decumpoſition of the water by metals, yields, n nly to ti 
this caſe, gas hydrogene. Solutions of zinc and iron in the ith the 
aqueous fulphurie acid, act chiefly in this way. The pho ithout e 

phoric 
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as the ſulphuric acid. 
XX. The nitric acid is not only decompoſed by various me- 


decompoſed at the ſame time as itſelf. In order to this it is 
enough, that the metal diſſol ved in the acid, be extremely 
greedy of oxigene, as is tin. The hydrogene of the water, in 


ammoniac; and hence thefe folutions afford no gas, but are 
found to contain ammoniacal nitrate. From this it may be 
underſtood, how moſt ſolutions of white metals in nitrie acid, 
come to afford * of nm when — is caſt 
wto them. 

XXI. The muriatic acid aloe tang ſuſceptible of decompo- 

fitioo by combuſtible bodies, can by itſelf diſſolve, but few 
metallic ſubſtances. It acts only on thoſe metals which are 
o greedy of oxigene, as to decompoſe the water in which it 
is diluted. While metals are diſſolved by the muriatic acid; 
there is always a 3 — of Seen = dil 
RE I ne" 
XXII. Not only is the muriatie acid anſaſcepeible of de- 
compohtion by the metals; but it poſſeſſes likewiſe the pro- 
of abſorbing» oxigene from almoſt all metallic oxides. 
It paſſes upon this into the ſtate of oxigenated muriatic acid; 
o its attraction for oxigene does this metal owe the proper- 
it poſſeſſes of diſſol ving metallic oxides with facility: and 
t is on this account employed ſucceſsfully to diffolve oxide 
ff iron on which the other acids do not act. If metallic oxides 
uperſaturated with oxigene be diſſolved in muriatic acid, the 
acid efferveſces ; a part of it then paſſing into the ſtate of 
dxigenated muriatie acid gas. If theſe oxides be oxigenated 
dnly to that degree which is requiſite for their combination 
mth the acid, they will then diffolve without emotion, and 
ithout efferveſcence, as ſalt or ſugar in water. 


XXIII. 


phorie acid exhibits with metals, nearly the ſame eee 


als, but even ſuffers the water in which it is diluted to be 


this caſe, combining with the azote of the nitric acid, forms 
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XXIII. The boracic and fluoric acids combine but weakly 
with metallic oxides. They are incapable of diſſolving pum 
metals, becauſe they are not decompoſable by theſe bodies. Ye 
with water, they produce the oxidation of thoſe metals wid; 
have the ſtrongeſt affinity for oxigene. The ſame is the cak 
with the carbonic acid, which combines readily with mak 
metallic oxides, and in nature is often found in union wii 
them. E 21 4 vſniuant et 8H N 

XXIV. The metallic acid are eaſily decompoſed by ty 
moſt, combuſtible of the metals. They combine xeadi 
with the oxides; and! in nature, are aften found thus con 
bined. | | HOEATENIOT YI HIDLTTRY El it his 1 

XXV. The het ee and m acids, hich have rad ation 
cals' compoſed uf hy drogene and carbone, are not decompoſel 
by the metals, but render water highly decompoſable by the 
bodies; and combine in a ſtate of ſuſſisient ſolidity, with the 
metallic oxides. Several of them, reduce theſe oxides to it 
ſtate of metals. 1 02 do Sli id ant ob 

XXVI,. The ** md. cannot 3 with acids, 
remain in union with them, unleſs in conſequence of con- 
ing certain determinate proportions of oxigene. Unden de 
proportions, the combination cannot take place 4 if he 
propottions be W ſubſtances 3 cannot t 
main in union. T5 nene nom 

XXVII. Befide this 3 ei ; hens. is * of | 
ſame order, which relates to each metal and each acid in pi 
ticular. And this is, that the acid and metal cannot remais 
union, otherwiſe than within the often ſtraitened limits of a 
dation. There is a determinate proportion of oxigene in i 
combination of an acid with a metallic oxide. 9 4 

XXVIII. It is ia virtue of this law, that metallie cot Prices þ 
expoſed to the ait, yicld a precipitate, ' and become turbi6 ny XXX 
proportion as the metallic oxide abſorbing oxigene- irogonſeque 
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the atmoſphere, becomes grade :nfoluble in the ing! 


This is the ratio of thoſe decompolitions which are accon 


pliſhe 


city, 
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Hſhod by the ps ry e _ | 


nitrates. I Jy 


XXIX. Nay boden 3 that metallic . diſſolved 
i acids, gradually re- act upon theſe ſalts; aud abſtract from 
nem, even in cloſe veſſels, and in contact with air, a portion 
pf their oxigene, ſo that the oxide is ſoon ſeparated from tha 
id, and is precipitated to the bottom of the ſolut ion. 
XXX Heat is ſingularly favourable to this ſucceſſive de- 
m poſition of acids by metallie oxides. Thus nitt ic ſolu- 
ions become turbid, or more and more decompoſable, by the 
gion of air and water, if they be at the ſame time heated; 
Tnis is 0 remarkable 1 in the * of the nitric ſo- 
ution of mereury. lamins bus Ada of EZ 

XXXI. Some metals have ſo great a e to oxidation 
y acids, that they can neither remain in union with them, 
jor yet form permanent ſolutions. Such are, particularly 
oſe which poſſeſs the property of becoming acid or forming 
dxides ſuſceptible of combination with alkalis; arſenicq tung 
en, molybdena, antimony, tin, iron, &. Solutions of theſe 
metals, in nitrie acid eſpecially, are always charged with pre- 
ipitates, and contain little or no metallie oxide. | 
XXXII. From theſe facts it appears, that, in order to form 
etallio ſalts, 'the' metallic oxides/ muſt remain permanently 
n union with the acids, without having any tendency to ſe- 
haration. It is alſo neceſſary, that care be taken not to aug- 
nent their affinity for” oxigene; and to avoid TOY this 
drinciple into contact with them. 

XXXIII Compound metallic ſalts always, or almoſt always, 
oſſeſs an exceſs of acid. They are otherwiſe, all more or 
{ acrid and corroſive ; which ſhews that almoſt all metallic 
Prices have a tendency to become acid. 

XXX !V.- Thoſe properties of metallic ſalts which it is of 
onſequence for us to know, may be reduced under the fol- 
wing heads. 1. Form and its varieties; 2. Taſte and cau- 
lieity, more or lcſs conſiderable ; 3. Alteration by light; 
4. 
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4. Fuſion; deſiccation, decompoſition more or leſs perfe&,y 
caloric; g. Deliqueſcence, eMloreſcence, or decompoſition, mon 
or leſs entire, by means of air; 6. Solability in water, hg 
or cold, decompoſition more-or leſs thorough, by pure water 
&c.; 7. Decompoſition by alkalis and earths, the nature u 
precipitated metallic oxides, the complete ptecipitation or for 
mation of triple ſalts, - partly alkaline or terrene, and in a 
metallic ; 8. The alteration of precipitated metallic oxides g 
the moment of their precipitation, either by air, or by th 
nature of the alkali employed, as in the caſe of ammoniat; 
9. Reciprocal alteration by different acids, «decompoſition « 
the contrary, attraction of acids by metallic oxides, the change 


of oxides which are diſtinguiſhable by their colours ; 10. Al Pr 
teration by the neutral ſalts, terrene or alkaline, which ex. Co 
hibit either an union without decompoſition, or a double de M. 
compoſition; 11. The reciprocal action of metallic ſalts upa Ef 
one another, which diſplays either a ſimple union, or a fimph | | 
change of baſes by the acids, or a change in the combinatia 80 
of the oxigene by which the two oxides are precipitated ;- Pr 
the one partially de-oxidated ; the other ſuper-oxidated - Tbeſe 
and ſuch for inſtance, is that uſeful precipitation of the my. ay th 
e pat 


riatic ſolution of gold by the muriatic folution of tin, whid 
furniſhes the purple precipitate of Caſſius ; 12. Union witli 
the terrene or alkaline ſulphures, and the formation of the 
different ſorts of ſulphureous ores. 

XXXV. Metallic oxides differ from one another in the degree 
of their affinity with acids; ſo that ſome of them may be en 
ployed to decompoſe the combinations of others, But abo 
all, the varying aflinities of the metals with oxigene, act 
the principal cauſe of the phenomena of the precipitation ali 
metallic ſolutions : Thus different metals, while they tak 
away the oxigene from other metals dffolved in acids, caul 
theſe laſt, to appear again in the metallic form; as coppet 
for inftance, does with mercury, mercury with ſilver, ir 


with copper, zinc with iron, &c. Sometimes the metals d 
I no! 
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not detach all the oxigene from the metallic oxides diſſolved 

in the acids. This happens when the precipitating metals do 
it require all the oxigene of the metals in ſolution: Thus 

tin, when- precipitating oxide of gold, does'not abſorb all the 

oxigene which that oxide contained, but ſuffers the gold to.be 

precipitated in a particular ſtate of oxidation, Metallic oxides 

when they thus ſhare the oxigene between them in new pro- 


portions, are precipitated with properties that deſerve to be 
better obſer ved, than * have hitherto . 


Application of the ans their ths chapter. 


Preparation of all the metallic oxides uſed in the arts. 
Coloured glaſſes, enamels. | 
Metallic ſalts uſeful in the arts. N 
Effects of theſe. ſalts in the arts in which they are em- 
ployed. 
Solutions, and partings of metals. | 
Precipitation of metallic oxides. by earths and alkalis. 
Theſe applications are in general ſo various and ſo uſeful, 
W that they cannot be explained in detail, elſewhere than under | 
the particular hiſtory of each different metal. ; 


C HAF. 


CHAP. X. 


* 


15 


FORMATION and NATURE of VEGETABLE MATTERS: 


I. THOSE matters which compoſe the texture of wine 
tables, differ from mineral ſubſtances, in being of an order 
compoſition which is more complex, and in being all hight 
ſaſceptible of decompoſition or * while none of then 
ſuſceptible of ſyntheſis. I 

IT. Only the ſubſtantial contexture of living Ew 
ly their vegetative organs - can form thoſe matters which 
extracted from them; no inſtrument of art is capable of ill 
tating thoſe compoſitions that are * effected in Wl 
organized frames of plants. | | 
III. Although it be with four or five natural ſubſtances, al 
loric, light, water, air, and carbone, extracted from the 
mains of plants, which have been crumbled down and blend 
in the ſoil; that vegetables elaborate all the materials 
which their contexture is formed; yet, do we find a wondels 
ful variety of properties in theſe materials. We may, how 
ever reduce all theſe properties to a certain number of head 
under the name of the immediate principles of plants; becaul 


theſe principles are obtained by ſimple proceſſes, almoſt entar 
iy 
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1 


25 no alteration of their nature. 

1. Theſe matters, being more or un lod- 
in particular otgans, or in diſtinct veſſels or cells, &c. 
ometimes their ſeat is in the root or in the ſtem, in the bark 
{the leaves all together: At other times, on the contrary, 
nly the flowers, fruits, or ſeeds, and even ſome particular 

arts of theſe organs, contain the immediate principles. This 
arying ſituation of theſe immediate principles, ſhews the 
differences in the organization of the texture to be the cauſe 
ff that diverſity of nature which each of 22 — diſ- 


Mays. 


materials of vegetables, is often ſuch as to permit us eaſily to 
pbtain them pure and ſeparate. Where ſuch a diſtribution 
akes place, it is ſufficient to bruiſe or open the veſſels or 
ells containing the immediate principles, to open them, or 

0 ſqueeze out the liquid) Juices... Nature, by the fole force 
pf vegetation, often preſents this ſeparation already effected, 
an the outhde. of plants. Thus manna, gum, reſins, &c. flow 


tealals from the confuſion in which they are mingled and 
ited with various other matters. The means ſhe employs 
for this, are uſually ſimple, and eafily praQtifed ; ſuch as reſt, 
filtration, preſſure, waſhing, diſtillation by a gentle heat; none 
Wot which, alters the ſubſtances ſubjecteg to it. 8 
VI. Among the materials which compoſe the frame of ve · 
getable bodies; which are ; obtained from them by, ſimple 
means that alter not their nature; and which ate either 
Anid or ſalid; n be ne the een, ſubſtances. 


I. The extraive 3 or eic E 
2. The mucous maſter, or mucilage, 
4 Sugar. " 17 
Eſſential ſalts, 


dice], and by a ſort of immediate analyſis that pro- 


V. The different place occupied by each of the Aiſferent ; 


poritaneouſly; : Art is often obliged to ſeparate ſome of theſe 
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J. Figedoll...._- | 
6. Volatile ol. 
7. Aroma. 
8. Camphor. 
9. Reſin. 
ro. Balſam. 
11. Gum refin: 
12. Feculum. 
13. Gluten. 
14. Colouring matter: 
1 5. Gum elaſtic. 
16. The ligneous part. 


Beſide theſe ſiæteen principles, there is found in the ana 
lyſis of vegetables, a ſubſtance reſembling the albumen in the 
animal kingdom. It is probable that there are ſeveral other 


vegetable principles ſtill unknown; ſuch as the matter * 


. ſerves for tanning hides, &c. 1 
VII. It is proper, that the reader here fully vu 


that, when all the facts in the analyſis of vegetables, have been 
reduced to general terms or leading reſults ; there has been 
nothing more found in any of all the plants hitherto ex- 
mined, but the foregoing eighteen ſubſtances. Theſe actually 


compoſe the contexture and fabric of all known vegetables; 


and when theſe are ſeparated from any vegetable, that vege- 
table is very accurately analyſed. Yet, we are not to ſup» 
poſe, that theſe eighteen immediate materials exiſt in all the 
different parts of vegetables, or even in eyery different vege- 


table. Some plants, out of all their parts, afford not even ſo 


many as five or fix of theſe materials; others contain eight or 
nine of them ; ſome yield them all. But, ſuppoſing, that we 
could mix together, and confound, even chemically, all thoſe 
plants which are ſubje&ed to any chemical proceſſes; the 
mixture, however ſeemingly various, would not exhibit mare 


than the ſixteen or eighteen ſubſtances above enumerated, as 
9 the 
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the reſults of the moſt exact and elaborate analyſis. Vege- 
tables may therefore be ſaid to be formed of-thoſe immediate 

VIII. Each of the materials above mentioned; poſſeſſes pe- 
culiar diſtinctive properties, from among which we muſt ſe- 
let thoſe which may the beſt mark their different characters, 
and diſcriminate them, one from another. It is not impoſſible 
to handle this ſubject in the manner of the botaniſts; uſing 
but one charaQteriſtic or ſpecific phraſe; to diſtinguiſh each 
of the materials of which we ſpeak. Although this method 
have not as yet been either propoſed or executed in chemi- 
fry ; we ſhall endeavour to give a ſketch of it in the ſubſes 
quent ſections; as has been already done = the caſe of the 
acids, and the compound ſalts. - ol 


Charatters of the immediate materials of vegetables, | 


IX. Extra@ive matter or extra@, is adry, brown matter, ſomes 
what deliqueſcent, ſoluble in water; is obtained from the in- 
ſpifſated juices of vegetables, from infuſions, and fro · n decoc- 
tions e vaporated; yields by diſtillation, an acid, a little am- 
moniac, and ſome oil; abſorbs oxigene from the atmoſphere; 
and becomes gradually inſoluble, in conſequence of this ab- 
ſorption z is erroneouſly regarded as a natural ſoap; is com- 
pounded of catbone, hydrogene, azote, and oxigene, and has 
always a tendency to abſorb more of this laſt principle, than 
it tontained in its primitive ſtate. | 

X. Mucous matter or mucilage, is a glutinous, viſcid, inſipid 
ſubſtance, which yields pyro<mucous acid by diſtillation ; is 
ſoluble in water cold or dt; does not abſorb oxigene from the 
atmoſphere ; becomes dry and brittle in the form of gum z 
exiſts in the roots, the young twigs, and the leaves; is obtaiti- 
ed by expreſſion from the bark of trees; connects their fibres 


together as they grow. 
| P2 X. 
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XI. Sugar, is of an agreeable, pungent taſte, cryſtallizable, 
ſoluble, fermentible, in all reſpects very like to mucilage, 
but differing in its ſuſceptibility of fermentation, and of form. 
ing alcohol. Mucilage and ſugar are both compounds of ear. 

bone, hydrogene, and oxigene; and they differ from extrad; 
1. In having a ſmaller proportion of hydrogene ; —in conſe. 
quence of which, they do not, like extract, abſorb oxigene 
from the atmoſphere: 2. In being deſtitute of azote, owing 
to which, they yield no ammoniac by diſtillation. t 
XII. Effential ſalt, comprehends the vegetable acids which 
are in general formed of hydrogene and carbone more copi- 
ouſly oxigenated than in the three foregoing ingredients: and 
in conſequence of this, the addition of oxigene to thoſe ingre- 
dients, converts them into acids. The vegetable acids, i 
whatever number they may be, appear to differ from one 
another in nothing, ſave the proportions of their three prin- 
ciples. They are all decompoſable by fire, and ſuſceptible of 
mutual converſion into one another; and in an ultimate ans 
lyfis, they are all reducible upon the addition of oxigene, to 
water and carbnic acid. (See title VII.) 

XIII. Fixed oil, was formerly named fat oil; is thick, 
mild, inodorous ; burns when volatilized; forms ſoaps with 
the cauſtic alkalis; is mixed with a mucilage which Scheele vegeta 
calls the mild principle of oils; is thickened and concrete BF - ples; 
by the contact of air, and the abſorption of oxigene ; ſuffer: 8 
the ſame eſſects from acids and metallic oxides ; is compound- IN 
ed of carbone, hydrogene, and a ſmall proportion of oxigene. BY . - tid; 
It differs from the preceding compounds, in poſſeſſing a larger from v 
proportion of hydrogene. Hence its combuſtibility, and ten. to its 
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dency to change into water and carbonic acid, when it is burnt By eu "20 
with a ſufficient quantity of air; as in matches Which are XVI 
hollow, and ſurrounded on all fides with air; forming lamps buſtible 
AG | with an interior current of air. able by 


XIV. Volatile oil, called alſo efſential oil, and efſonce, i tained f 


aerid, highly odorate, wholly reducible to vapour «Y differ oi 
cj 
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inflammable by acids; is inſpiſſated by oxigene to a reſin; 
burns more rapidly than fixed oil, and affords more water; 
ſaffers an eafier precipitation of its charcoal; which then forms 
lamp-black. \ t 553 2 

XV. Aroma, otherwiſe called fprritus rector, is a very vo- 
latile principle, redueible to vapour by the heat of the atmo- 
ſphere, and forming a peculiar atmoſphere around plants; 
diſtillation of the plant on a ba/neum marie, affords the aroma 
together with water; ſometimes aroma is of an inflammable 
nature; it preſents in other inſtances, ſaline properties; it 
combines with alcohol, fixed oils, vinegar, &c. and in thele 
combinations, forms what in pharmacy is called di/izlled waters; 
it contributes by its preſence to the quantity of volatile oils, 
that is obtained from plants, and has ſo great a reſemblance 
to theſe oils, that the one has been often miſtaken for the 
other. The intimate nature of aroma is not yet exactly 
known, We begin to think, that it may be a peculiar ſub- 
ſtance, a ſolitary principle diſengaged from vegetable matters; 
while theſe matters themſelves are at the ſame time, entirely 
reduced to vapour, 

XVI. Campbor, is a matter now known to exiſt in many 
vegetables; is to be reckoned one of their immediate prin- 
ciples ; is of a concrete and cryſtalline form, highly volatile, 
combuſtible with ſmoke, ſoluble in a great quantity of water, 
in alcohol, and in æther; exiſts in many volatile oils ; is con- 
tained, in purity, in che trunk and leaves of a ſort of Jaurel 
from which it is ordinarily obtained ; is very little known, as 
to its intimate nature ; forms with nitric acid, a new and pe- 
culiar acid. 

* XVII. Ren, is a matter, ſoft or dry, ſcarcely odorate, com- 
"I buſtible, ſoluble in alcohol, but not in water; ſcarcely alter- 
able by acids, hardly ſuſceptible of union with alkalis ; 1s ob- 
tained from an inſpiſſated volatile oil, from which it ſeems to 
diger only in poſſeſſing a larger proportion of oxigene. 

1 F 3 XVIII. 


heat of 2120 F.; does not readily combine with alkalis ; is 
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XVIII. Balſam, is refin combined with benzoic acid, more 

highly odorate than pure reſin; is deprived of its concrete 
acid by the action of fire and water; yields this acid to 
earths and alkalis ; becomes after the loſs of the acid, not un, 
Uke to reſin. 

XIX. Gumzre/in, is a concrete juice, partly foluble in wa. 
ter ; forms with water, a ſort of emulſion as well as with vi. 
negar, which has been ſuppoſed to be its univerſal folvent is 
more ſoluble in alcohol; does not flow naturally, like refin, 
from vegetables, but is obtained from their veſſels bruiſed, 
in the form of a white or variouſly coloured juice, of a feetid 
odour, more or leſs reſembling that of garlic. 

XX. Feculum, is a pulverulent, dry, white, infipid, com- 
buſtible matter; yields by diſtillation, a large proportion of 
pyro-mucous acid; is ſoluble in boiling water; forms with 
this liquid, a jelly ; is convertible into oxalic and malic acid 
by the action of the nitric acid; exiſts in all the white and 
brittle matters of vegetables, particularly in tuberenlous 
roots, and in the grains of gramineous plants; forms the baſis 
of the nouriſhment of animals; and is diſpoſed to become 
with ſufficient rapidity, a component principle of their 
bodies. 

XXI. Gluten, is a ſubſtance, elaſtic, ductile, ſeemingly fi. 
brous or membraneous, inſoluble in water, ſlightly ſoluble in 
alcohol ; yields by diftillation a large proportion of ammo- 
niac ; 1s putreſiable like an animal ſubſtance ; takes like ani- 
mal ſubſtances, a yellow colour, upon the contact of nitric 
acid; is convertible by nitric: acid into oxalic acid; and ex- 
iſting particularly in the flour of wheat, forms the difference 
between this and flour of other grains, by giving to the for- 
mer, the property of compoſing a paſte, 

XXII. Colonring matter, goes always along with the one 
or the other of the preceding materials; appears to vary 
in its nature, —being ſometimes ſoluble in water, and ſome- 
times ſubje& only to the action of alkalis, oils, or alcohol; 
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owes its di verſiſied properties to different quantities of oxt- 
gene fixed in it; has an affinity for combination with alu- 


wines, oxide of tin, &c. is capable of more or leſs perfect 


combination with the contexture of bodies animal and 
2 op 
XXIII. Gzm-elaftic, reſembles gum-reſin; appears to exiſt 
in many vegetables; is remarkable for the ductility and ela- 
ſticity which it retains, when dry; affords' ammoniac by di- 
ſtillation; diffaſes a ſœtid odour when burnt ; exiſts at firſt 
in the form of a white, lacteous fluid, and paſſes into the ſtate 
of gum elaſtic by abſorbing oxigene from the atmoſphere. + ' 
XXIV. The ligneous part, or wood, a matter that has been 
hitherto too much negle&ed by chemiſts, forms the ſolid baſe 
of all vegetables; but is by much more copions in thoſe 
which are hard, than in ſuch as are ſoft ; has been erroneouſ- 
ly regarded as an earth; is inſoluble iu water; affords by 
diſtillation that particular acid which is called pyro-ligneous; 
contains a great quantity of carbone ; paſſes into three or 
four different acid ſtates, by the action of nitric acid; appears 
to be the laſt product of vegetation. 


XXV. From what has been above explained concerning 
the immediate and known materials of vegetables, it follows ; 
that they axe all reducible in a laſt analyſis, to three or four 
principles, the principles, the primary components of them 


all; namely, hydrogene, carbone, oxigene, and in ſeve- 


ral of the above materials azote; and that thoſe materials 
differ from one another only in the diverſity of the propor- 


tions in which they ſeverally contain the elementary conſti- 


tuents. But, if by fimple calculation, we endeavaur to find 
the number of different compounds that may reſult from ſuch 
combinations, in all the poſſible proportions of three or four 
primary principles, we ſhall find, that a much greater num- 
ber of them may eafily exiſt. Vet, as every one of the ter- 
22ry or quaternary compoſitions which. form the immediate 
F 4 materials 
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materials of vegetables, admits; as it ſhould ſeem, a certain 
latitude in the proportians of its principles with which it will 
{till retain its general character of extractive, - mucous, oil, 


acid, reſin, &c. &c.; it is natural to infer, that the various 


' proportions of the elementary principles, comprehended with. 
in thoſe latitudes, muſt determine the vaſt, unmeaſurable va. 
riety of colour, ſmell, taſte, and conſiſtency, which is well 
known to diſtinguiſh all the materials of vegetables; and 
which is univerſally obſerved in the component parts of thoſe 
vegetable matters which are in common uſe for human food, 
clothing, buildings, &c. 

XXVII. Upon the ſame canſideration, it will be ay con- 
ceived, that vegetables muſt differ in the nature and ſpeciſie 
properties of their materials, according to the different pe- 
riods in the advancement of their vegetation ; that they can 
never remain long in the ſame ſtate ; and that the diverſified 
ſcenes which the periods of germination, foliation, bloſſoming, 
fructiſication, and maturation, the ſucceſſive æras of vegetable 
life, exhibit, muſt neceſſarily be accompanied and diſeri- 
minated by internal changes, correſponding to the variation of 
external appearances. Taſte in all its varieties of modiſica- 
tion, ſmell which 1s no leſs variable\and thoſe diverſities of 
contexture and conſiſtency which diſtinguiſh the different pe- 
riods in the progreſs of vegetation, are ſo many inconteſtible 
proofs of this. 

XXVII. It is a new adyantage derived from the improve- 
ments of modern chemiſtry ; that we are now enabled to dif- 
cern the nature of the materials of plants, which 1s more 

complex than that of mineral ſubſtances. This acquired 
| knowledge leads us to an eſtimate of the changes which ve- 
getable matters ſuſfer from different chemical agents. We 
can no longer ſay that we are ignorant of the manner in 


which the deſtructive agency of fire operates upon vegetable 
From the conſiderations here ſtated, it appears, 
that when a vegetable, either entire or in its ſeparate products, 
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s ſubmitted to the action of ſire; the caloric tends to reduce - 
thoſe complex compounds to compounds of a more ſimple 
character, by combining their principles, by two and two, in 

proportions widely different from thoſe in which” they before 

exiſted together. By heating vegetable products gently, we 

diſengage the hydrogene which burns alone, and leaves a large 

reſidue of carbone ; when they are ſtrongly heated, the car- 

bone is diſengaged together with the hydtogene; both burn 

together in the air; and the only reſidue left, is a ſmall por- 

tion of earth and ſalts forming vegetable aſhes. 

XXVIII. All the immediate principles of vegetables, are 
then reducible in an ultimate analyſis, to three or four pri- 
mary principles, namely, hydrogene, carbone, oxigene, and a 
little azote in ſome of them: This analyfis correſponds ac- 
curately to the manner in which vegetables are nouriſhed, 
grow, ſpread out, and preſerve their exiſtence ; ſiuce we 
know that nothing but thoſe fimple principles is required to 
ſupport vegetation :=We have therefore nothing farther to 
inveſtigate, but the manner in which plants appropriate to 
themſelves theſe elements, and the means by which they com- 
bine by their organic functions; —in order to enable us to 
ſorm by compoſitions, thoſe ſubſtances of which the proper- 
ties have been explained. ; 

XXIX. There ſeems to be no doubt but that water alfords 
the hydrogene of vegetables ; that they decompoſe water in 
their leaves, aided by the contact of ſolar light; that they ab- 


A ſorb the hydrogene of the decompoſition, which is fixed in 
e them, in the ſtate of oil, or extract, or mucilage, &c.; and 
d that they evolve the ox igene, of which a great part is fuſed 
» by light and caloric, and diſengaged into the ſtate of vital air. 
e But, a portion of the oxigene of the water thus decompoſed, 
n is at the ſame time ſixed in the contexture of the vegetable, 
e and is retained there, part W by the att raction of the 
8, carbone. 


we XXX. 
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XXX. It is not ſo eaſy to give an account of the origin of 
the carbone which exiſts in vegetables. Some naturaliſtz 
think that vegetables decompoſe carbonie acid at the ſame time 
as water, and abſorb the carbone. This aſſertion is without 


proof; although it has gained new authority fince the dif. 


covery of the decompoſition by phoſphorus of the carbonic 
acid combined with ſoda. Other chemiſts think, that vege- 
table earth, Þumus, dunghills, and eſpecially water from dung. 
hills afford carbone divided, or even diſſolved in water; that 
plants abſorb this principle by their roots, and do not abſtract 
it from carbonic acid. According to this opimon, dung af- 
fords nothing but earbone ; and the water of the dunghill is 
but a ſaturated ſolution of this principle. To theſe data 
muſt the chemical theory of vegetation- be confined, until 
it ſhall be enlarged by farther inveſtigation and experi- 
meat. : 


Application of the general truths in the tenth chapter. 


Theſe general truths are applicable to a very great variety 
of caſes in nature and the arts, They reſpe& agriculture, 
rural ceconomy, pharmacy, materia medica, and all thoſe 
arts which are employed upon vegetable ſubſtances. The 
following are a few of the moſt important caſes of their ap- 
plication. 

Germination. | | 

The unfolding of the leaves of vegetables, 

The bloſſoming of vegetables. 

Fructiſication. | 

The ripening of fruits and grains. 

The ſucceſſive formation of gum, extraQ, oil, refin, 
ſalts, ſugar, colouring matter, wood, in the different 
periods of the life of a plant. 

The growth of the igneous ſubſtance, of the bark, 
SOC, | | 

Pharmactutical 
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Pharmaceutical preparations of juices, extracts, eſſen- 
tial ſalts, mucilages, oils, reſins, gum- reſins, aromatic 
waters, &. | 
The arts of the ſugar-boiler, the confectioner, the mil. 
ler, the baker, the ſtarch-maker, the vine-drefſer, the 
brewer, the diſtiller, the. varniſher, the dyer, the 
paper-maker, the indigo-maker, the colour-man, the 
flax· dreſſer, the oil-man, the ſoap-boiler, the perfu- 
mer, the charcoal-burner, &o, 


CHAP, 


— 


„ # cn aaa 


Of the FORMATION and the NATURE of ANIMAL SUBSTANCES; 
THEORY of ANIMALIZATION. 


IT is a certain truth, that animals cannot ſupport their ex- 
iſtence, without the uſe of vegetables. In natural hiſtory, it 
has long been ſaid, that vegetables are formed from minerals, 
animals from vegetables. But if this truth have been long 
known ; yet the manner in which theſe bodies are mutually 
changed one into another, remains ftill unaſcertained. This 
however 1s the grand ſubje& upon which, above all others, 
the labours of the chemiſt ought to be employed. This pro- 
blem once ſolved, we ſhall obtain an exact knowledge of every 
thing reſpecting the animal ceconomy. Modern diſcoveries 
afford already a variety of reſults which muſt be uſeful in 
theſe important reſearches. 

II. The ſureſt means for reſolving this problem, is undoubt- 
edly, firſt, to diſcriminate accurately between the different 
animal ſubſtances ; to compare them with , the peculiar mat- 
ters of the vegetable Kingdom ; and carefully to examine the 
difference or reſemblance ſubſiſting between the two claſſes. 
There 15 no doubt, but that, if theſe differences were once 
well known ; we might then diſcoyer the cauſes to which 


they are owing, m 
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III. Collecting the reſults of all the analyſes that have been 
lately made of the blood and humours, and of the ſolid parts 
of the human body which are evidently formed by the con- 
cretion of the fluids-; we ſhall find the moſt ſtriking differences 
between animal and vegetable ſubſtances, to. be the following. 

A. The property in animal ſubſtances of affording ammo- 
niac and ſœtid products, when ated upon by fire. | 

B. Their property of putrefying more eafily, and more 
rapidly, and of emiting an odour much more noiſome. 

C. Their yielding much more of gas azote, when acted up- 
on by nitric acid, | 1 

D. Their contributing in a ſingular manner to the forma- 
tion of nitric acid. 


IV. All theſe differences ſeem to depend upon the exiſtence 
of a particular. principle, which is azote, in much greater 
abundance in animal than in vegetable bodies. It ſhould ſeem 
then, that the addition of azote to vegetables, might fully 
aſimilate their nature to that of animal matters. 

V. It is however to be farther obſerved, that to theſe pri- 
mary and capital. diſtinctiont between animal and vegetable 
ſubſtances, there are other particular phenomena to be added; 
the influence of which, although, no doubt ſmaller upon the 
animal compound; is yet, not to be neglected. Such, among 
others, is the -preſence of the phoſphoric acid, and of differ- 
ent phoſphates, particularly phoſphates of ſoda, lime, and am- 
moniac, in animal humours. To theſe ſalts is owing the pe- 
culiar quality, and the almoſt incombuſtible character of the 
coal of animal matters. 

VI. That particular principle which is ſo copious in theſe 
ſubſtances, and which eſpecially eſtabliſhes the grand diſtinc- 
tion between them and vegetable ſubſtances, namely, azote, 
appears therefore to be the efficient cauſe of the properties by 
which animal matters are diſtinguiſhed ; and particularly of 

that 
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that fort of eoncreſbibility or elaſticity; of which we dll foo 
have occaſion- to ſpeak more at length. It may be affirmel 
thetefore, that if animal matters be deprived of their azote, 
they may be redueed in ſome meaſure, to the character of ve. 
getables; and that to convert vegetables into animal ſubſtances, 
it will be ſufficient to introduce into — or combine wich 
them a due quantity of azote. e 
VII. We may conſider all matters forming the bodies of 
| animals as ſo many immediate principles ; juſt as we repre. 
q ſented the materials of vegetables: And each of thoſe imme · 
P diate principles of animal bodies may be characteriſed by the 
ö expoſition of its moſt eminent properties. By thus examining 
and diſtinguiſhing ble 3d, milk, bile, fat, urine, &c. as well as 
the ſolids of animals; and by deſcribing them with that bre: 
vity which we have exhibited in the foregoing chapter ; we 
ſhall form = ſort of comparative ſeale that will indicate 
| thoſe reſemblances and differences which we wiſh to know. ' 
| VIH. The blood is a red fluid ; hot at the temperature of 
| 104® F. in man, in quadtupeds, and in birds, —and in ovi- 
4 | parous quadrupeds, ferpents, and fiſhes, at the mean tempern- 
| ture of the places of their habitation ; concreſcible by cold, 
miſcible with water; ſeparates almoſt ſpantaneoufly into thres 
different ſubſtances, white ſerum, red ſerum, or the colour ing 
| | part, and fibrous matter,; exhibits in each of theſe matters 
YA diſtinctive characters, —in the white ſerum, an alkaline na- 
| ture, and owing to the intimate combination of oxigene in it; 
| 
| 


a diſpoſition to coagulate by fire, metallic oxides, &c.—in the 
red ferum, the ſame general nature, differing from'the white 
ferum only in having oxide of iron prefent in it,—in the fi- 
brous matter, or fibrina, ſpontaneous concreſcibility, and ſo- 
lubility in alkalis. Theſe principal characters are to be con- 
. ſidered as belonging to the whole blood, which ſeems to be 

| the primary prineiple of. all other animal fubftances, and 
the common ſource of all the hamours, and all the folids, It 


1 has been called Haid figſb, on account of the fibrina which 1s 
concreted 
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concreted by cooling. "The cauſe of its heat has been afcer- 
tained to exiſt in the alteration and abſorption of vital air by 
reſpiration. The renovation of the blood by the chyle, and 
the change of the chyle into animal matter, have alſo appear- 
ed to be owing to the Ns he + PR: as 


ne and hydrogene in the lungs. 
IX. Milk, is a white fluid, mild and ſaccharine, formed of 


ferum, cheeſe, and butter intermingled; and repreſenting a 
genuine animal emulſion. In the ſerum of milk, there is to 
be particularly obferved, that matter which is called ſugar of 
milk, and has the character of a fort of incipient ſugar. Ano- 
ther thing particularly worthy of careful notice, in milk, in 
the quantity of phoſphate of lime, much larger than in any 
of the other humours, which is found in it; and which ſeems 
to indicate, that it has been the intention of Nature, to place 
in the firſt nutriment defigned for animals, a large quantity 
of that offeous baſe which is neceffary for the formation and 
growth of the bones in the firſt tage of life. Cheefe is fimply 
albuminous matter. Butter is a concrete oil, the ſolidity of 
which, and its eafy ſeparation from milk by motion only, ap- 
pear to be owing to the abſorption of oxigene from the atmo- 
ſphere during the formation of the cream. 

X. Bile is an oily, ſaponaceous juier, compounded of an oil 
nearly in the Rate of the white of the whale, and of ſoda 
united with this oil, and theſe mixed with the albuminous 
liquid formed in the liver, which vifcus itfelf contains a great 
quantity of oil. Every thing in the ſyſtem of this bulky 
gland, concurs to diſcover a diſpoſition, an organization de- 
ſtined by Nature to ſeparate from the blood, that great exceſs 
of fat which 1s-produced by the flow circulation of this fluid 
through the venous fyſtem of the lower region of the belly. 
This conſideration whieh muft hereafter form one of the prin- 
cipal baſes of chemical phyſiology, accounts for the bulk of 
the liver in a foetus in which reſpiration has not yet com- 
menced, and in thoſe animals which have not reſpiratory or- 


ans, 
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gans, ſuch as man, birds, and quadrupeds have. It like. 


wiſe explains the origin of ſome diſeaſes of the liver, yon noc 
cularly of biliary ſtones or concretions. tim 
XI. The greaſe or fat, is a ſort of oleaginous matter form. in 1 

| ed at the extremities of the arteries, at the fartheſt poſſible alſo 
diſtance from the centre of -animal heat and motion; forms limi 
a ſort of reſervoir, in. which that large quantity of hydrogene of t 
is fixed, which the lungs are unable to evacuate ; is ag oil fact 
combined with a conliderable proportion of oxigene, Ra a hs 
taining, beſides, ſebacic acid. To conſider fat in this light, is, kno 
a point ſingularly ſtriking in the 22 — of ani. proy 
mals. X 
XII. Urine is an excrementitious fluia; more or leſs colour. ſuch 
ed, acrid and ſaline, remarkable for the great quantity of un- the 
combined phoſphoric acid, of phoſphate of ſoda, of ammoniae mou 
and lime which it contains; ſtill more remarkable for con- beca 


taining a peculiar acid which has not as yet been found in the 
reſt of the animal humours; and which is now named /thic diffe 
acid ; becauſe it forms the baſe of calculi in the reins or * eſpec 
der, in the diſeaſe called 7:ithrofis. prin: 

Some of the moſt valuable difcoveries of nie reſpe men! 


the urine; medicine has {till diſcoveries to make concerning muci 
this exerementitious fluid. Conſidering it, in the firſt in- phat 
the 


# ſtance, as a lixivium intended by Nature, to convey out of the 
1 | body, a great quantity of ſaline matters which would other- prop 


N wiſe prove noxious to the vital functions: we ate hence led lorpt 

| | to percerve, in the next place, that, in the urinous evacuation, of th 

| | the proportion of the principles will vary with the ſtate of The 
| | 1. the body, and thus will become a ſort of meaſure indicating eryſt 
Þ by its varying modifications, the health or fickneſs of the vital inſtar 

| | frame. Phyſicians have already ſucceſsfully begun their ob- 1. 
N | ſervatians upon this matter. The urine is'to be regarded as comp 
Ny | containing always the matter of concretions in the reins ot mals 
bladder. Theſe concretions require to their formation, no- 6 

the 


| | thing but the detention of this matter, a longer time than 
2 Nature 
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Nature has deſigned, in its proper organs, on an incipient 
nodule on which ſucceſſive concretions may be from time to 
time depoſited. The proportions of the different principles 
in urine, and eſpecially the naked acids which 1t contains, are 
alſo to be carefully obſerved ; as is likewiſe the phoſphate of 
linie ſuſpended in it ; both which vary ſtrangely in diſeaſes 
of the joints, of the aponeuroſes, and of the bones. Of theſe 
facts accurately noted, ſkilful obſervers may hereafter make 
a happy uſe in medicine; deriving from them, new means of 
knowing the nature of ſuch diſtempers, of aſcertaining their 
progreſs, and perhaps of accompliſhing their cure. 

XIII. We can ſay little concerning the other animal fluids, 
ſuch as the humour that is tranſpired from the pores, ſweat, 
the gaſtric juice, the cerumen of the ears, the ſaliva, the hu- 
mour of tears, the mucus of the noſe, the ſeminal fluid, &c. 
becauſe all theſe, fluids have hitherto been but little examined. 
They have, every one, no doubt, a particular compoſition, 
different in each of them, from all the reſt, in various points, 
eſpecially in the proportion of their principles. Some of theſe 
principles being ſomewhat better known by modern experi- 
ments, than the reſt, exhibit a combination of a particular 
mucilage with water, pure ſoda, phoſphate of lime, and phoſ- 
phate of ſoda. Such are tears, the mucus of the noſe, and 
the ſpermatic juice, Of theſe, the two former poſſeſs the 
property of becoming thick by the contact of air, and the ab- 
ſorption of oxigene ; which probably conſtitutes the maturity 
of the hnmours in the brain and lungs in caſes of catarrh. 
The ſeminal fluid exhibits the ſingular phænomenon of the 
cryſtallization of phoſphate of lime, hitherto unknown in other 
inſtances. 

XIV. Conſidering the whole of thoſe ſolid matters which 
compoſe the varied contexture of the different organs of ani- 
mals; we may divide the ſubſtances that form them into 
three. principal genera. The firſt of theſe will comprehend 
the albumen ; the ſecond the gluten or gelatinous matter ; 

G the 
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the third, the fibrina or fibrous matter. Of theſe bodies two 


have already been noticed in the VIII. ſection of this chap. > 
ter, under the article, Blood. We ſhall here briefly mention fron 
thoſe permanent phenomena which are to be conſidered as the alſo 
characters of each of the genera. theſ, 
unit. 
FixsT Gkxus. chat 
Albumen is concreſcible by heat, by acids, by oxides, and the 1 
in general by oxigene whenever it is concrete or nearly con. to th 
crete ; 1s ſoluble by alkalis; exiſts, more or leſs condenſed or fluid 
oxigenated, and wrought into conſiſtency, in the membrane, aſſun 
the tendons, the griſtles, and in general, in all white animal X\ 
matters. order 
SECOND GENUS. terret 
The gluten, partakes of the ſolidity of the former genus in conte: 
moſt of the white organs; is ſuſceptible of eaſy ſeparation and myſte 
ſolution by boiling water, to which when cooled, it gives the conſec 
form of a jelly. As it forms the baſe, or the larger propor- and y 
tion in all the white organs in general; theſe are ſuſceptible niac. 
of more or leſs perfect ſolution in boiling water, and form thing 
tranſparent jellies by the refrigeration of their ſolutions. tions «< 
Tump GENvs. XV 
The fibrina is inſoluble in water at any temperature; i when 1 
ſoluble in acids; contains a large proportion of azote ; is con- heated 
denſed, concreted, and organized in muſcular fleſh, which may WE tity, g 
be regarded as the reſervoir of all the fibrina contained in the which 
blood. Conſidering the muſcles as the ſecretory organs of BW bydrog 
this fibrous matter of the blood; we may examine and ob- Of thi, 
ſerve all the modifications of the quantity or proportion in BW more; t 
which it is fixed in thoſe organs; and may attend particularly BW tion of 
to that excluſion of it, which they ſeem to exact in certain ¶ of the x 
morbific ſtates of the body, in old age, &c. ginal ſt 
oblerve 


XV. Theſe three matters, albumen, gluten, and fibrina, in quantit: 
concretions, in combinations of two and two, or three and Bi ind hyd 
three 


E 
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three together, eſpecially if they be in different proportions, | 


compoſe all the ſolids of animal bodies. They are ſeparated 
from one another by an eaſy and ſimple analyfis. . They form 
alſo various animal fluids, particularly albumen. Only, in 
theſe fluids, they contain leſs oxigene, more water, and are 
united with acids, neutral ſalts, &c. It is to be obſeryed, 
that the gluten is as ſcanty in the fluids, as it is copious in 
the ſolids : and ſeems therefore to owe its gelatinous nature 
to that elaboration which it undergoes, when paſſing from a 
fluid to a ſolid tate. Albumen artificially diſſolved by acids, 
aſſumes properties analogous to thoſe of the gluten. | 

XVI. The ſolid, oſſeous ſubſtance of animals, is of another 
order of compoſition. A large quantity of an almoſt inſoluble 
terrene (alt (phoſphate of lime) is depoſited in the primitive 
contexture or pareachyma of the bones. This is the whole 
myſtery of the ſtructure and compoſition of theſe organs. In 
conſequence of this, bones afford a jelly by decoction in water, 
and yield by diſtillation, a large proportion of oil and ammo- 
niac, Bones once well calcined or burat, are after this, no- 
thing more than calcareous phoſphate, mixed with ſome por- 
tions of carbonate, muriate, and phoſphate of ſoda. ? 

XVII. When theſe preceding animal matters, eſpecially 
when the white fluids inſpiflated, or the white organs, are 
heated with nitric acid; there is diſengaged from them, a quan- 
ity, greater or ſmaller, of gas azote, and of Pruſlic acid gas, 
which appears to be nothing elſe than a combination of azote, 
bydrogene, and carbone, with a ſmall proportion of oxigene. 
Of this product, the gluten yields the leaſt ; the albumen, 
more; the fibrina, the moſt. In proportion as this new combina- 
tion of the principles of animal matters, takes place by means 
of the nitric acid; thoſe matters ſeem to return to their oxi- 
ginal ſtate of vegetable ſubſtances ; from which, as has been 
obſerved, they differ materially in nothing but in poſſeſſing a 
quantity of azote, in having different proportions of carbone 
and hydrogene, and in the greater complexity of the number 
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of the combined materials into which the primary element; 
are formed in the animal compound. Inſtead of being ter. 
nary compounds, as vegetables are, animal matters are qua: 
ternary compounds, or even more complex. Azote is the 
fourth primary principle of animal matters, which they pol. 
ſeſs in addition to the hydrogene, carbone, and oxigene of ye. 
getables. | 

XVIII. Thus the converſion of vegetable matters into ani. 
mal matters, which conſiſts merely in the fixation or addition 
of azote ; is to be conſidered as the principal phznomenon of 
animalization. This alone explains the principal difficulties 
of that phenomenon : and when the mechaniſm provided for 
the addition of this azote ſhall have become ſufficiently known; 
moſt of the functions of the animal economy, which contribute 
to, or depend upon it, will then alſo be known. 

XIX. What is already known concerning this laſt ſubject, 
15 limited to the following particulars. It is not ſo much by 
the addition of a new quantity, as by the removal of other 
princtples in conſequence of which the proportion of the azote 
originally preſent, becomes greater, that this phznomenon is 
accompliſhed. In reſpiration, the blood exhales a great quan- 
tity of hydrogene and carbone; the laſt either fimply difſolved 
in gas hydrogene, or elſe reduced to carbonic acid in the very 
act of circulation, and in the vaſcular ſyſtem, as ſome modern 
phyſiologiſis have conceived, In the cavities of the bronchie 
during the act of reſpiration, and by means of this act, the 
hydrogene forms water which is exhaled in expiration, A 
portion of the oxigene appears to be at the ſame time fixed in 
the blood in the lungs; and circulating with-this fluid through 
the veſlels, it is gradually combined with the carbone, fo as to 
form that carbonic acid which is diſengaged from the venous 
blood in the breaft. It is eaſily conceived, that a large quan- 
tity of hydrogene and carbone being thus diſengaged by re- 
ſpiration, the proportion of the azote muſt be by the ſame af 


increaſed. The inveſtigation of the mechaniſm of the othe! 
2 | function: 
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functions, will no doubt lead to new diſcoveries more import- 
ant than theſe which are here detailed. What has been done 
within theſe laſt few years, naturally leads us to expect, that 
much more may within no long time be done. The analogy 
of action which has been diſcovered to ſubſiſt between dige- 
ſtion, reſpiration, the circulation, and tranſpiration, has be- 
gun to eſtabliſh upon new views much more ſolid than thoſe 
which were formerly entertajned, —a ſyſtem of animal phy- 
ſiology that promiſes a rich harveſt of diſcoveries and utilities. 8 
No doubt, by the aſſiduous inveſtigation of the phænomena 
of digeſtion and of growth in young animals, we ſhall at length 
ſacceed ſo far as to erect upon thoſe baſes, a ſtructure equally 
new and ſolid. Every thing is ready for this grand ſeries of 
reſearches : Several philoſophers have already entered upon 
it: A new ardour ſpringing from the new conceptions which 
they have formed, ſtimulates and encourages thoſe who are en- 
gaged in this department of phyſics. The path which they 
have opened up, cahnot fail to conduct them to reſults the moſt 
preciſe and accurate; exceeding in theſe qualities, all that has 
been hitherto advanced concerning the functions which con- 
ſtitute animal life. 
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Application of theſe propoſitions. 


The functions of the animal economy ; and partieu- 
larly, | | | 

Reſpiration 

Digeſtion ; 

Hematoſis, or the formation of blood; 

Tranſpiration; 

The ſecretion of the bile ; 

Oſſiſication and ofteogony ; 

Nutrition ; 

Maladies ariſing from the corruptionof thehumours, &c. 

A Animal concretions ; 
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The action of various medicines upon the humours, 
&c.; | , 

Thoſe arts which are employed in the treatment of ani. 
mal matters; particularly, the arts of the tarner, 
the currier, the maker of glues, the maker of whip. 
cords ; the arts of extracting oils, and of manufac, 
turing into uſeful implements, the harns, bones, 
hooyes, &c. of animals. 
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CHAP. XII. 


Of the SPONTANEOUS DESTRUCTION of ANIMAL and VEGE» 
TABLE MATTERS. 


I. WHEN vegetables and animals are deprived of life, or 
when their produQs are abſtrated from the individuals to 
which they belonged ; movements are then excited in them, 
which deſtroy their contexture, and alter their compoſition. 
Theſe movements form different ſorts of fermentations. The 
purpoſe of Nature in exciting them, 1s evidently to render 
more ſimple, thoſe compounds which are formed by vegeta- 
tion and animalization ; ſo that they may enter readily inte 
new combjnations of different kinds. That matter which has 
been for a time employed in forming the bodies of vegetables 
and animals, is, after their functions are ended, to paſs through 
other combinations, and to enter into the compoſition of other 
bodies. 

IT. From this definition of fermentation in general, it ap- 
pears, that the ſpecies of fermentation muſt be as various as 
thoſe of the animal and vegetable ſubſtances that are affected by 
it. But, of theſe, a number paſs through the ſame proceſs, while 
they are reduced to greater ſimplicity of compoſition ; and in 
te ſerenee to this, all the variety of fermentations may be reduced 
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to three leading ſpecies; vinous fermentation, acetous fermen, 
tation, putrid fermentation. | 

III. Vinous fermentation, as its name indicates, is that 
fermentation which produces wine or alcohol. The only 
matter ſubject to it, is ſaccharine matter, diluted in a certain 
quantity of water, and mixed with. ſome third matter, vege. 
table or animal, extract, ſalt, feculum, &c.; for it is now cer. 
tain, that ſugar and water alone are not duſceptible of vinous 
fermentation. The ſaccharine ſubſtance is ſo copious, and ſo 
univerſally diffuſed through all vegetable and even animal 
matters; that there is a prodigious number of bodies capable of 
affording wine or forming alcohol. All ſweet and ſaccharine 
fruits when reduced to a pulp, and particularly their expreſſed 
juices, undergo an internal emotion at a temperature not un- 
der 669 F. if they be at the ſame time, in a large quantity, 
and neither too thick, nor too liquid. Hence that vaſt quan- 
tity of different wines which we poſſeſs; reckoning with them, 
the decoctions of germinating grains, in whach the ſaccharine 
part is developed hy germination ; and even the vinous li- 
quors made with milk, honey, blood, &c. | 

IV. Vinous fermentation diſcovers itſelf in ſaceharine juices, 
by an increaſe of their bulk, the formation of a copious froth 
that covers their ſurface, riſe of temperature, the diſengage- 
ment of a great deal of carbonic acid, the converſion of a ſweet 
liquor into an acid, hot, and pungent fluid. ; 

V. The caule of this fermentation appears to depend on 
the decompoſition of water, of whoſe oxigene, a large ſhare - 
is brought into union with the carbone of the ſugar, which it 
turns, and fo converts it into carbonic acid. At the ſame 
time, the hydrogene of the water, is brought into contact with 
the decarbonated ſugar, and by combination with it, forms 
alcohol. Alcohol may be defined to be ſugar, deprived of a 
portion of its carbone, the place of which is ſupplied by a cer- 

in proportion of bydrogene. This theory explains both the 
formation of the carbonic acid which is diſengaged during 
vinous 
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vinous fermentation; and the formation of alcohol, with * 
the properties of this new product. 

VI. Pure alcohol is a white liquid, of a ſtrong ſmell, of an 
hot and acrid taſte, convertible into vapour at the tempera- 
ture of 1769 F. inflammable at any temperature; affords, 
when burning, a large proportion of water and carbonic acid; 
diFaſes no ſmoke during its combuſtion ; is miſcible in any 
proportion with water, expelling the air and a portion of 
caloric, while the combination takes place; diſſolves the pure 
or cauſtic alkahs ; decompoſes the acids, and by this decom- 
poſition, is itfelf converted into zther ; diffolves deliqueſcent 
peutral ſalts, and many metallic ſalts ; detaches from vege- 
tables their volatile oil, aroma, refin, balfam, a part of their 
gum- reſin, and ſeveral colouring matters; is by means of all 
its properties, uſeful in many operations of the arts. | 

VII. The formation of alcohol is effected by the deſtruction 
of a principle of vegetables; the ſaccharine matter ſuffering 
upon thiʒ occaſion, a decompoſition by which it is reduced to 
greater ſimplicity. Vinous or alcoholic fermentation is there- 
fore a commencement of the deſtruQion of thoſe principles 
which are formed by vegetation. It may be conſidered as an 
interior emotion, defigned by Nature, to ſimplify the order of 
compoſition which vegetable ſubſtances exhibit. 

VIII. Acid or acetous fermentatton is the ſecond natural 
movement by which vegetable compounds are reduced to a 
more ſimple ſtate of compoſition, This fermentation which 
produces vinegar, can take place only in liquors that have al- 
ready undergone vinous fermentation. It has been remarked 
that the contact of air is neceſſary for the production of vinegar. 
We have even ſeen air to be abſorbed by wine turning four ; 
and it appears, that a certain proportion of oxigene from the 
atmoſphere is neceſſary to the formation of acetous acid. 

IX. There, are no doubt, other forts of fermentation analo- 
gous to that by which vinegar is formed]; but of ſuch ferment. 
ations the products are not yet well known. Such, for in- 

? ance, 


which ſerve to ſimplify the complicated combinations of ye. 
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ſtance, is that which takes place in water mixed with ſtarch, 
which is called the ftarch-maker's ſour water, Such likewiſe 


is that of ſoured bread, ſoured cabbages, and ſour liquors, All 
theſe changes are to be conſidered as modes of decompoſition 


getables. 
X. Laſtly, After that the liquids of vegetables, or their lo 


lids moiſtened, have paſſed into the acid ſtate ; their decom. 
poſition continuing under favourable circumſtances; that is to 
ſay, in a mild or hot temperature, expoſed to the air, or in 
contact with water; conducts them to a putrefaction by 
which they are in the end volatilized, in the form of gas, a; 
to molt of their principles. There is diſengaged, water, car- 
bonic acid, carbonated gas hydrogene, ſulphurated gas hydro- 
gene, volatile oil in vapour, and ſometimes, even gas azote, 
and ammoniac. Nothing remains, after this, but a brown or 
black reſidue, known by the name of mould, conſiſting of cat. 
bone that is ſomewhat fat and oily, and from which water ex- 
tracts ſeveral ſaline 3 and a ſmall portion of extrac- 
tive matter. 

XI. Nature, when organizing animals, and forming their 
humours and ſolids by complex compoſitions ; has mingled in 
their compoſition a germ of deſtruction, which unfolds itſelf 
after the death of the individual. 

This deſtruction is effected by that movement which is called 
putreſaction. It conſiſts in a ſort of fermentation, in a flow 
decompoſition of thoſe liquid or ſolid ſubſtances in which it 
takes place. The order of the compoſition of animal matters 
1s more complex than that of vegetables, and renders them 
much more ſuſceptible of putrid decompoſition. 

XII. Animal matters being compounded of hydrogene, car- 
bone, oxigene, and azote; and having often ſuperadded to theſe 
principles, portions of ſulphur, phoſphorus, &c.; when they 
are deprived of that motion and continual renovation which 
conſtitute animal life; are ſoon altered by the more fimple 
mutual attractions of their principles, which tend to combine 


together, 
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cogether, by two and two. Th 16-a8ion produces binary 
compounds, ſach as carbonic acid, nitric acid, ammoniac, 
carbonated gas hydrogene ; which are by degrees evolved in- 
to the atmoſphere ; and as they are evolved, proportionally 
diminiſh the bulk of the animal matters from which they are 
ſeparated. It is in this manner, and in conſequence of natu- 
ral decompoſition; that animal matters are ſeen to become 
ſoft, to change their colour and ſmell, to loſe their ſtructure 
and form, to diffuſe through the atmoſphere, vapours and 
gafſes which are there diflolved, and are deſtined to convey 
into other bodies, particularly into vegetables, the matgrials 
neceſſary to their formation. 

XIII. All the phenomena of the putrefaQtion of * mat- 
ters, depend upon the mechaniſm which has been explain- 
ed. The union of hydrogene and azote produces ammoniar, 
which has been regarded as the principal product of putrefac- 
tion. The tambination of catbone with oxigene accounts for 
me formation and diſengagement of carbonic acid, in which 
all the myſteries of putreſaction were ſuppoſed to conſiſt, 
about the time of the firſt diſcovery of the gaſſes. The ni- 
tric acid, to the formation of which, animal matters power- 
fully contribute in artificial nitre-works,—is produced by the 
union of azote with oxigene. A certain quantity of gas hy- 
drogene is diſengaged, and involves with it ſome portions of 
carbone, ſulphur, and even phoſphorus. Hence that noiſome 
imell, which is ſo exceedingly various, and hence, perhaps, 
the phoſphoreſcence of all putrefying animal ſubſtances. 

XIV. When all theſe volatile principles are combined two 
and two together, and diſperſed through the atmoſphere, there 
remains no reſidue, but a portion of carbone, united or mixed 
with fixed ſaline ſubſtances, ſuch as phoſphate of ſoda, and 
phoſphate of lime. Theſe reſidues form a ſort of mould that 
is called animal earth ; which often retains in it a little ſul- 
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ich phurated and carbonated hydrogenous gas, a little fat, and ſome 
ple extract; and in which vegetables find abundance of thoſe 
ine 2 | principles 
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principles which are fit for the formation of their materials, 
Hence is it that this animal reſidue, when the previous putre. 
faction is entirely paſt, forms an excellent ſpecies of manure, 

XV. There is a certain quantity of water neceſſary to this 
putrid decompoſition of animal matters. It affords the oxi. 
gene requiſite to the compoſition of the carbonic acid and ni. 
tric acid. It contributes remarkably to excite the putrefac. 
tive emotions, by means of the attractions of its oxigene. Thi 
hydrogene, too, evolved from the water, muſt doubtleſs con. 
tribute greatly to the formation of the aramoniac : for it i; 
a well known fact, that, when animal matters are diluted in 
a large quantity of water, they afford abundance of ammoniac, 


during their decompoſition. 


XVI. Putrefaction, conſiſting in a ſeries of peculiar attrac. 
tions, 15 modified in many different ways by all its exterior 
circumſtances, ſuch as temperature, the medium in which 


animal matters are placed, the ſtate of the atmoſphere, as more 


or leſs ponderous, dry or humid, &c. It is thus that carcaſe 
buried in the earth, immerſed in water, or ſuſpended in ait 
undergo a diverſity of changes to which their maſs, ther 
quantity, and the vicinity of other bodies, as well as all the 
varied properties of the three media here mentioned, conti. 
nually give new and different forms. 

XVII. Proofs of the truth of this aſſertion, occur in what 
happens to dead bodies, interred either ſeparately, each by it 
ſelf, —or in heaps together. The former being ſurrounded by 
a great quantity of earth, are ſoon deſtroyed by putrefactiot, 
the zriform or liquid products of which are abſorbed by the 
ſurrounding earth, or by the atmoſphere. Bodies buried i 
heaps together, not having around them the ſame ſort of ear- 
then or atmoſpheric receiver, remain long undeſtroyed ; thei: 
animal matter 1s entirely converted into ammoniac and con- 
crete oil: and this oil with the volatile alkali, forms that i- 
ponaceous matter which has been found in the earth of bury: 
ing grounds, in which there has been too great a number d 


corpſes depoſited. | 
XVIII 
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XVIII. In water, different phænomena attend the deſtruc- 
tion of animal matters: As faſt as the new products are 
ſormed, the water diſſolves, and conveys them into the air. 
A continued moiſture at a temperature, a few degrees above 
32 F. favours the putrefaction of theſe matters, and their ſo- 
lution into gas. A. dry, hot air, on the contrary, volatilizing 
the water, dries and hardens the animal bodies, almoſt as well 
as the dry burning ſand does in Egypt, that land of mum- 
mies. 5 
XIX. Although all the circumſtances of putrefact ion, and 
all the varieties, almoſt innumerable, of the phænomena which 
they exhibit ; have not been as yet either diſcoyered or de- 
ſcribed ; it is however acknowledged, that all thoſe phæno- 
mena muſt be limited to the converſion of the more complex 
compounds into others of a ſimpler compoſition ; which Na- 
ture then employs in new combinations forming the materials 
of other complex bodies. She had only lent them for a time 
to animals and vegetables. She carries on a perpetual cireu- 
lation of compoſitions and decompoſitions ; which diſplay her 
power, and evince her fecundity, at the ſame time while they 
ſhew a plan of action, equally grand and fimple in its opera- 


tions. 


Application of the propofitions in this laſt chapter. 


Beſide all the objects mentioned at the end of the two 
chapters immediately foregoing, to which the articles in this 
chapter afford almoſt direct applications; the principles par- 
ticularly explained in this chapter, are likewiſe ſuſceptible of 
theſe following applications. 

The preſervation of all ſubſtances extracted from vege- 
tables ; 

The different ſpontaneous alterations which vegetables 
undergo; acetous fermentation, vinous fermenta- 
tion, &c.; 

The 
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The products of theſe alterations, often employed in the 
arts ; 
The production 23 and nitric acid; 
The influence of putrefaction in the different regions of 
living bodies ; 
The infection, and other evils, ann 
of putreſied matters; 
The theory of the ſituation and management of hoſpi 
tals, drains, finks, lay-ſtalls, common-ſewers, ceme. 
te ries, &c. 
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AT 


OON after entering upon the ſtudy of chemil- 
try, I was induced, by the perſuaſion of a 
Bookſeller, to undertake a tranſlation of Foux- 
zor's ELEMENTS Or CugMISTRY, from the 
bird edition of the original work, then newly pub- 


irſt time, adopted the opinions and the language 
ff the NEW THEORY, which had been lately ſug- 
zeſted by the important diſcoveries of the illuſ- 
Frious and lamented Layoifier. The new lan- 
puage of that theory was in the tranſlation to be 
xccommodated to the ſtructure and analogy of the 
gliſh tongue; and other peculiar difficulties al - 
0 concurred, to render the taſk. in which I had 
ngaged, extremely arduous. I acquitted myſelf 
of it, as well as I could. My tranſlation has been 
alled for, ſold, and read; till the edition then 
printed, has been exhauſted ; and till a Jourth Edi- 
in of the Original Work, with alterations and 
additions by the Author, has been received in this 
ountry, 4 
I. 


iſhed, In that edition, the author had, for the 


We: ADVERTISEMENT. 


I, in the mean time, continued to purſue my 
chemical ſtudies, with that fondneſs, which the 
ſublimity of the general truths of this ſcience, the 


endlefs diverſity of the \phenomena that fall un. 


der its laws, and its unrivalled utility for en. 
lightening the arts of life, are well adapted u 
excite in every ingenuous mind. With great plea. 
ſure, therefore, did I liſten to the requeſt of the 
preſent Publiſhers, when they informed me of they 
intention to reprint my tranſlation of Fourcroy' 
work; and deſired that I would revife and-corred 
it for the preſs; collating it with the new edition 
of the original ; altering what the anthor had al 
tered; and adding whatever additions he ſhould 


appear to have made, I was pleaſed” to have 
new opportunity preſented to me, of humbly ds 


ing ſomewhat more to promote the knowledge ol 


a a ſcience in which I delighted. I was not leh 
Pleaſed with the opportunity of correcting ſome 
erroneous numbers, forme awkward expreſſions, ſome 


unneceſſarily paraphraſtic paſſages, and others i 
which an attempt to concentrate the meaning of the 
author, had produced ob/curity, in that tranſlation 
of this excellent ſyſtem of chemiſtry, which I wal 
now to reviſe and improve. , 
What I thus again undertook, T have executed; 
and the work is here preſented to the public. 
have carefully revifed my former tranſlation, and 


have corrected whatever I found to be inaccurate 
os obſcury 


"ey or coarſely inelegant in it. I have cole 
lated it with the new edition of the original work, 
Lind have adopted all the alterations and additions 


number of Notes, correcting errors, illuſtrating ob- 
curities, or ſupplying deficiencies of n 
information, in FOURCROY's text. 

Theſe Nor Es ĩt had been eaſy for me to a 
o almoſt any indefinite bulk and number. But, 
reflected, that notes, however they may variegate 
he pages of a book, are too often overlooked, in 


f peruſed, ſerve too often for no other purpoſe in 
he peruſal, except to diſtraQ the attention of the 
eader, and to interrupt to his mind che author's 


lementary treatiſe, exhibiting.rather the whole 
yſtem of the general principles of any ſcience, 
han all the detail of minute facts comprehended 
nder thoſe principles; let the ſtudent no long- 
r plod among compilations, but trace the ſcience 
hich he ſtudies, through the writings of thoſe 
thors alone, who have enriched it with original 


ons and experiments. It were perhaps deſireable, 
ed; Wat even this elaborate and comprehenſive work of 
orxcxor, ſhould be condenſed to one half of its 
and8Wreſent bulk, rather than clogged and burthened 
aich endleſs additions. I have given ſuch a pro- 
Vo - SEW ©" portion 
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of the author. I have even added a conſiderable 


he reading, eſpecially, by the young ſtudent; or, 


hain of reaſoning or narration. After reading an 


uncontroverted theories, or with new obſerva- 
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portion of notes as ſeemed indiſpenſibly requifite; 
but none for the ſake of uſeleſs oſtentation. 
I have always thought that the phyſical Teiendy 
ought not to reject the advantages of purity, per 
ſpicuity, and preciſion of ſtyle, any more than the 
moral ſciences and the fine arts. It 1s piteons w 
ſee, what a Babyloniſh jargon the tranſlation of Mi doct 
many books of chemiſtry, natural hiſtory, au duct 
natural philoſophy, from foreign tongues, has it 
troduced into the Engliſh language. The techn. 
cal phraſeology of every art and fcience muff be 
come it, becauſe abſolutely neceſſary to its accy 
rate expoſition. But foreign words unnecellar, 
ly intermingled with Fngliſh idioms, and Eng 
liſh words in the conſtruction and arrangement 
of a foreign language, can never ſerve the inte 
reſts of ſcience, and ought not to be employed in 
the enunciation of it. Chemiſtry, ſince it has: 
ſpired above the laboratory of the alchemiſt, au 
the ſhop of the apothecary, ought to be array 
in thoſe ſimple, yet dignified and elegant graca 
of writing, which are ſuitable to its philoſophici 
character. I have therefore laboured at once tomakt 
Fourcroy ſpeak pure, perſpicuous, intelligible Eng 
liſh; and to preſerve ſtrictly the propriety, tis 
peculiar phraſeology of the ſcience, and of tit 
new theory. How far my endeavours may hart 
been in this ſucceſsful, it is not for me to decide 
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Ia ſo extenſive a work, executed in haſte, many 

litle inaccuracies will, no doubt, ſtill remain. 
A new tranſlation of Fourcroy's PuILOSO H 

or C8EMISTRY' is prefixed to the firſt volume of 

this tranſlation of the ELEMENTS, &c. It cannot 

fail to be uſeful as a SYLLApUs of all the general 

doctrines of the ſcience, and as a ſort of intro- 

duction to the larger work. 


R. HERON, 


and 


fount 

dars | enn indu- 
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O ſcience was ever more generally or more en. ge 

. gerly cultivated than chemiſtry has been du. pan! 
ring theſe laſt twelve or fifteen years: No ſcience ever of 'wh 
made ſuch rapid progreſs in ſo ſhort a time. Thelen 
_ circumſtances render a fourth edition of this work ne- WF. 
ceſſary. The ſecond edition having been almoſt en- publiſ 
tirely ſold. off in the fpace of eighteen months, I bad nent 
conſequently leſs time for improving it in a third ed. a fo. 
tion, than J had for improving the firſt in it. In thi "0 
edition, therefore, the work was enlarged only with. e 
one additional volume: but in the ſecond two had Pra 
been added. Every elementary work, as it paſſes throug 
through ſucceſſive editions, muſt at length reach a fame p 
period at which the judgement of the learned and dit Alter n 
cerning, will declare farther additions unneceffary ; and fte to 
after which, review and careful correQtions will be the Wl ;,. *Y 
only proper means of improving it. I am of opinion, WF... 
that in the third edition my work reached that period, licatior 
An account of the new diſcoveries fince the year 1780 ings; a 


would not have added greatly to the bulk of the vo. uith u 


tumes: But by the advice of ſome judicious perſons, WM nched 
and | 
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induced to alter and enlarge ſome chapters in the hiſ- 
tory of ſaline matteis, of ſome of the metals, and of 
ſeveral of the immediate principles of vegetable and 
animal bodies. The additions made, in this fourth 


together, to enlarge the work but by a few pages in 
the compaſs of the whole five volumes, 
When I compoſed; in the years 1780 and 1981, an 


ſerve as a ſyllabus to my lectures; I followed the ſame 
plan which I had before adopted in my lectures, and 
of which ſome years' experience had taught me the 
advantages. The unexpected ſucceſs of that work in- 


publiſhed about ſeven Fears fince, The encourage- 


a ment which the ſecond and third editions have receiy- 
V ed from the proficients in chemiſtry and the friends of 
” WY ſcience; and the preference which the rapid ſale and 
a the various tranflations authorize me to ſav, has been 
d given to my work as an elementary book on chemiſtry 
” WH through all Europe; induce me ſtill to adhere to the 
: ſame plan which was laid down in the firft edition. To 


alter my arrangement would have been in ſome mea- 
ſure to form a new work: yet 1 know not but it might 
be altered without any impropriety. Perhaps, the more 
correct knowledge which has been gained linee the pub- 
lication of my firſt edition; the more concluſive regſan 
ings; and the more accurate and numerous experiments” 
with which chemiſtry has, ſince that time, been en- 
tiched ; would render it advantageous to arrange the 
: b 4 1 8 
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and in conſequence of underſtanding that beginners 3 
. fund ſome difficulties in the peruſaPof this work, I was 


edition, to the contents of the third, are ſo few, as, all 


abſtract of the fundamental facts of this ſcience,. to 


duced me to follow the ſame plan in the ſecond edition, | 


| 
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elements ofſthe ſcience in an order ſomewhat different: 
To place, for inſtance, the hiſtory of all combuſtible 


bodies, fulphur, coal, metals, &c.- before that of acids; 


moſt of which ſalts are either burnt bodies, or com 
pounds of combuſtible bodies. - This be to pro- 
ceed from fimple to compound: the acids of one king. 


dom would not then be ſeparated from thoſe of the 
other two kingdoms : only the differences between ih 


principles of organic bodies and thoſe of minerals, 


would be treated of in diſtinct chapters. I have mark. F 


ed out a ſketch of this method in my Treatiſe on tie 
Elements of Chemiſtry, intended for the uſe of the la. 
dies, and the pupils of the Royal Veterinarian Schooal*, 


But although, in the preſent ſtate of chemiſtry, thi 


laſt mentioned arrangement of its elements may be pte. 


ferable ; yet that which I at firſt adopted, and ſtill ad. 
here to, is not without its advantages. It requires ſome« 
what more particular attention from the ſtudent ; but 
even in this inſtance, it is peculiarly favourable to his 
improvement. It exhibits the ſame facts in two diſſe- 
rent lights; it recals the mind a ſecond time to truths, 
which have been already ſubmitted to its view ; and 
thus imprefles more diſtin ideas of the different phe- 
nomena, and of their mutual relations. | 
With reſpe& to the theory laid down in theſe ele 
ments, the third edition was eſſentially different from 
the two former editions. In them, I appeared only a 
the hiſtorian of the different opinions which had pre- 


vailed among chemiſts. But, in the third edition, though 
| | 


School for the Medicine of Animals, which was eſtabliſhed 8 
Alfort, near Paris. | 
F * 
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Lal maintained the ſame impartiality, and gave an c- 
count of the principal theories which have been propo- 
ſed; yet I eſpouſed a fide, and declared myſelf an en- 
tire convert to that doctrine which has received from 
fome philoſophers the name of pneumatic or antiphlo- 
yific. In this fourth edition, my opinion is till more 
ſtrongly expreſſed in favour of the pneumatic theory ; 
becauſe I am till more entirely convinced of its truth. | 
[ flatter myſelf, that every unprejudiced perſon who 
ball carefully peruſe theſe elements, will find that this 
theory differs eſſentially from all others that have been 
bitherto propoſed; as it takes nothing upon ſuppoſition, 
:2dmits no hypothetic principle, and conſiſts only in a 
fair detail of facts. I may even venture to ſay, that thoſe 
philoſophers who have not yet adopted this doctrine; 
particularly thoſe who have combated it in ſome inſtan- 
ces with rather too much warmth, have not fully com- 
prehended our meaning. They do not fee that the 
ground of our opinions, the foundation on which our 
principles ſtand, is totally. different from thoſe of other 
theories which occur in the ſtudy of phyſics. We on- 
ly deduce plain inferences from a great variety of facts: 
we admit nothing not demonſtrated by experiments: 
and as we reject every hypotheſis, we cannot poſſibly 
commit ſuch blunders as thoſe into which the authors 
of all former ſyſtems of phyſics have fallen. Either I, 
and thoſe other modern chemiſts who have produced 
lo many ingenious (diſcoveries, are groſaly miſtaken ; 
or the riſing generation of ſtudents,” who are taught to 
reaſon in a very different manner from their predeceſ- 
lors, will renounce, as we have prefumed to do, the 
hypotheſes which have been ſo much agitated: in the 
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ſchools,” and will confine themſelves to Pa reſults F « wit 

fair experiments. 22 « fo 

The modern theory of nn which! is denoming. Wt vou 

ted the” pneumatic, and which denies the exiſtence d cut! 

phlogiſton, is daily gaining new converts; and is , ſucl 

ready ſo generally received, that three fourths of the WF" that 

1 ſtudents, and eſpecially of the teachers of chemiſtry, WF" to 1 
may now be reckoned among its adherents. The tuo whit 
wy moſt eminent chemiſts in Europe, Dr. BLacx,' d !7 © 
1 0 Mr. Krawan, after examining, with the utmoſt care, . inte! 
9 the new principles of the French chemiſt,” and after prob 
1 f contending againſt them for the ſpace of ten years; man 
| have, at laſt, with the candour becoming men of real the 

| genius and enlarged, minds, frankly adopted them, ever 
1 * At laſt,” writes Mr. Kirwan to M. Berthollet, in: che 
. letter dated on the 26th of January laſt, © I'lay don and 
8 „my arms, and abandon the cauſe of phlogiſton. ' fels t 
« clearly fe2, that there is no unequivocal experimem i ng þ 
teach 


* to prove the production of fixed air from pure in. | 
„ flammable air. This being ſo, it is impoſſible to Rood 
maintain the doctrine of phlogiſton with reſpe& u felt a 
„metals, ſulphur, &c. Without deciſive expetimenu i Prefer 


« we cannot form a ſyſtem, in oppoſition to poſitive ed as 
„facts. 1 ſhall myſelf compole a e of my only | 
cou eſſay on phlogiſton.” * minif} 
Dr. Brack thus expreſſes binaſelf, in a letter u wonſt 

M. Lavoiſier: | ' thoug 
Lou have been informed of my endeavouring ts the ez 
explain to my pupils the fas and principles of ti Y [ 

„ new ſyſtem which you have been ſo fortunate as't0 * infic 

« Giſcover, and which I begin to recommend, as b 3 this 
But, 4 


ing more imple, more uniform, and more confiſtent 
1 « with 


1 


« Jo otherwiſe? The many ſkillful experiments which 
„you have made in the great way, have been proſe- 


« that nothing can be more ſatisfactory than the proofs 
to which they have conducted you. The ſyſtem 
« which you have founded upon your facts, is ſo clofe- 


many chemiſts who have, been long accuſtomed to 
the old ſyſtem. Lou muſt not hope to convince 


the minds of moſt men, and makes them believe 


ing been accuſtomed for thirty years to believe and 
teach the doctrine of phlogiſton, as it was under- 


ed as ſcientific truth. But that diſlike, as it aroſe 
only from the force of habit, has been gradually di- 
* miniſhed and overcome by the clearneſs of your de- 


S 


though there be ſtill ſome particular facts of which 

the explanation ſeems difficult, and ſcarce ſatisfacto- 
tl ; 1 am, however, convinced, that your doctrine 
is infinitely better founded than the old theory ; and, 
bein this reſpect, cannot ſuffer by a compariſon with it. 
en but, if the power of habit ſtill hinder ſome old che- 
ruh; | by mitts 


- 
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8 with facts, than the old theory. And bow could I | 


« cuted through all their changing phenomena with 
« ſuch aſſiduous care, and ſuch ſcrupulous attention, 


iy connected with them, fo fimple, and ſo eafily 
* intelligible, that it muſt daily obtain increaſing ap- 
* probation ;z and cannot fail to be adopted by a great 


* every perſon. You well know, that habit enſlaves 
and reyerence the greateſt abſurdities. I muſt con- 


* feſs to you, I myſelf have felt its influence. Har- 


ſtood before the diſcovery of your ſyſtem; I long: 
felt a degree of diſlike to the new ſyſtem, which re- 
* prefented that as an abſurdity, which 1 had regard- 


* monſtration, and the ſolidity of your plan. Al- 


— 


wi _ . AUTHOR's PREFACE 


667 miſts from approving your ideas; the Jounsg cannot 
„% be influenced by the ſame circumſtance : they vil 


«univerſally rank themſelves on your fide. We hare 


„ experience of this in our Univerſity, in which fly. 
« dents enjoy the fulleſt liberty in the choice of their 
« ſcientific opinions. They, in general, embrace your 

ſyſtem, and begin to uſe the new nomenclature.” 
It cannot be ſaid, then, that the antiphlogiſtic doc. 
trine has not gained. many partizans ; ſince it been 
adopted by the greater number of the moſt celeþrated 
natural philoſophers and profeſſors of chemiſtry/an Eu. 
rope ; fince almoſt all French chemiſts teach it in thei 
lectures; and fince, in oppoſition to twelve or fifteen 
_ chemiſts, in all Europe, who ſtill refuſe to admit this 
doctrine, there are more than fifty eminent profeſſon 
and votaries of phyſical ſcience, who make it the bak 
of their writings and lectures. How indeed ſhould: 
| ſyſtem of doctrine fail to ſtrike all ſound and able mind; 
with its beauty and luftre,—-which admits no hypo- 
theſis, —infiſts upon nothing but the reſults of facts 
explains moſt of the phenomena of nature and art; 
with a ſimplicity and a facility which were unknown 
before in phyſical ſcience? How ſhould experiments 
ſo carefully performed, and ſo accurate, or a logic 5 
cogent and rational, fail to perſuade every unprejudi- 
ced mind? Let the hiſtory of modern chemiſtry be 
candidly ftudied ; let thoſe works be read with deep 
attention, and all thoſe diſſertations, which have been 
written within theſe ten years againſt the antiphlogiltic 
doctrine ; and it will ſoon be diſcerned, that thoſe che- 
miſts who ſtill combat this doctrine, may be divided 
into two, elaſſes. Of theſe, one part do not underſtabd 
| eye 
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tren the baſes of this doctrine, ad- Appeat to be ſtran- 

gen to the tra of experiments on which it is found 

ed . The prejudices of ſuch men are not to be over- 
come, or convinced: the long formed habit of imper- 
fect and Macctrate proceſſes, and the ſtrength of old 
opinions, abſolutely unfit them for new, general con- 
ceptions. The other claſs may be ſaid to be under the 
influence of a party ſpirit, and are more formidable. 
They are acquainted with our modern experiments ;, 

they ſay, that they have repeated them; they bare 


themſelves made diſcoveries in this new chemiſtry: 
/ Yet, 


* M. Baume has publiſhed, at the end of the new edition of his Ele- 
nente of Pharmacy, an appendix, expreſsly intended to make an open 
declaration againſt the new doctrine, to deny the oompoſition of wa- 
ter, and to decry the new nomenclature. It is unlucky for him, that 


every line in his book ſhews him not to have comprehended this doc- 
trine ; to calumniate without underſtanding it; to have repeated none 
of the experiments upon which it is founded, with ſufficient accuracy ; 
and to be altogether a ſtranger to the ſpirit of modero phyſics, Works, 
whoſe authors thus betray their own ignorance, cannot deſerye repu - 
tation. Nor have we forgotten the unlucky fate * thoſe experiments 
and opinions of M. Baumé, which repreſented filices as convertible, 
into argill by fuſion with alkalis ; or thoſe whith held forth a pretend · 
ed production of boracic acid from fat and argill ; or thoſe concerning 
the ſpontaneous irreductibility of the Perfian precipitate ; the prepara · 
tion of æthers, Starkey's ſoap, metallic ſalts, with excels of —_ ſul- 
phuric ſalts with exceſs of acid, &c, &c. 

It is more ſurpriſing that ſuch warm objections ſhould have been 
made to the pneumatic theory by M. Monnet, who performed many 
raluable ſervices to chemical ſcience, before the diſcovery of the gaſſes. 
Without having thoroughly ſtudied, as it ſhould ſeem, the modern 
doctrine; without having ſufficiently acquainted himſelf with the new 
fxperiments and proceſſes which it has employed; he, with great heat, 

ſets 


b 


xvii AUTHOR's PR'EFAOE. 


Yet; they attack the, antiphlogiſtic theory with am die- 
ſeemingly ſtronger than thoſe of the former claſy, The werf 
only difference between them and the antiphlogiſtian, Al 
conſiſts in their logic and mode of reaſoning. Inſtead doctr 
of taking the ſhorteſt and moſt direct way to arrive at who 
the end propoſed, they take a long, circuitous progrely, one * 
What proves them not to be in the true road, is, that ſively 
every one of theſe phlogiſtians forms a theory for hin. if the 
ſelf in his own way, which has little or no connexion WY (©! 
| with any. other; theory: ſo that there are as many 
; different 


ſets himſelf in oppoſition even to Scheele, to whom we owe many of 
— thoſe diſcoveries, which other chemiſts have ſinee confirmed.; he talk 
of the oxalic acid, the oxigenated muriatio acid, the arſenic acid, a 
if he had never ſcen any of theſe acids, as if he had never obtained 
them in any of his proceſſes. He confidently pronounces, that no 
ſuch acids exiſts; that the pneumatic chemiſts. are all miſtaken ; and 
that their ſyſtem is not tenable. Yet, on reading his diſſertation #» 
gainſt the pneumatic chemiſtry, which is inſerted in the fourth volumg 
of the Memoirs of the Academy of Turin, it is eaſy to ſee that be ha 
not fully comprehended the ſyſtem of the modern chemiſts ; and, what 
is more inconceivable, that he has not performed any of his expeti- 
ments with that accuracy, and thoſe proceſſes which were requiſite ta 
procure the reſults which he refuſes to acknowledge. In a word, with 
- his method of operating, and with that diſdain which he ſhews for the 
calculation of the'proportions in analyſes, it was impoſſible that he ſhould 
rightly appreciate the modern diſcoveries ; and he denies their exiſ- 
tence, becauſe they have, in fact, to him no exiſtence, We would 
wiſh perſons whaghave ſtudied the new chemiſtry, to read the diſſerta- 
tions here cited. They will ſoon be 3 of the truth of our aſ- 
ſertions, and will perceive the reaſons Why, notwithſtanding ſo much 
oppoſition ; the modern doctrine daily acquires new partizans, and I 
whence it comes to reckon among its partizans, three-fourths of all that 
is eminent among the philoſophers of Europe. 
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different phlogiſtic theories, as there are n, 1. 
averſe to the e antiphlogiſtic doctrine. 

All the philoſophers who now admit the pneumatic 

dodrine, beſide being much more numerous than thoſe: 

who oppoſe it, have alſo the advantage of being at 

one among themſelves. This ought to weigh ,deci- 
fively with perſons engaged in the ſtudy of chemiſtry, | | 
if they cannot truſt to their own Judgement, and de- | 
termine for themſelves. 
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CHAP. bo 


Definition of Chemiſtry ; Chemical Proceſſes ; and the 
Advantages of the Science, &c. | 


HEMISTS have not generally agreed concerning 
the molt proper definition of chemiſtry, Boer- 

haave, in his Elements, has ranked it among the arts, 
or, to ſpeak more accurately, has defined only the prac- 
tical part of it. Chemiſtry, according to Macquer, is 
ſcience, the object of which is to diſcover the nature 
and properties of all bodies by means of analyfis and 
Iyntheſis. This definition is indiſputably the beſt that 
wot, L * A has 


— 
* 


Properties of all natural bodies, it would perhaps he 


which it is engaged; the means which it employs; the 


s Subjects of Chemiſtry. 
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has yet been given. But as analyſis and ſyntheſis can; 
not be employed with equal ſucceſs in inveſtigating the 


better not to mention them at all when we attempt 
define this ſcience. The chemiſt cannot attain the 
knowledge of the properties of bodies without bringing 
them into contact; and as all that he can poſſibly di 
cover is only. the mutual operations of bodies ; perhap 
the following definition may deſerve to be adopted 
even in preference to Macquer's: CHEMISTRY 15 Thar 
SCIENCE WHICH EXPLAINS THE INTIMATE MUTUAL AC 
TION OF ALL NATURAL.BODIES. The facts which ws 
are to relate will illuſtrate this definition. In order 
diſplay the extent of this ſcience in an orderly and pet. 
ſpicuous manner, we ſhall conſider the ſubjects upan 


purpoſes it purſues ; and the advantages which it affords 


FI. Concerning the Object, the Methods, and the Intet- 
tions, of Chemiſtry, 


PHE /ubjects on which the labours of the chemie {ep 


are engaged, are all the ſubſtances that comple 
the globe which we inhabit, whether buried in its in 
terior parts or found at its ſurface, Chemiſtry is there: 
fore of equal extent with natural hiſtory, and the ſams 
limits are common to both. od 
Analrſis or decompoſition, and ſyntheſis or combint 
tion, are the two proceſſes which chemiſtry employs 0 
accompliſh its purpoſes. The firſt is nothing but tht 


ſeparation of the conſtituent parts of a compound fub 
| ſtance. 
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ance. Cinnabar, for inſtance, is a compoſition of mer- 
W cury and ſulphur; the chemical art analyſes it by ſepa- 
rating theſe two bodies from one another. Till of late 
it was generally thought, and many are {till of opinion, 
that this method is more advantageous in chemical re- 
ſearches than the other. This opinion had even gained 
ſuch ground among the learned as to induce ſeveral of 
them to define chemiſtry, 7 he ſcience of analyſis. But no- 
thing can be more inconſiſtent with the juſt idea of de- 
compoſition. In order to ſet this important truth in a pro- 
per light, we mult divide analyſis into two kinds; the 
true or ſimple, and the falſe or complex. The true analy- 
fir is that by which the component principles of the body 
decompoſed, are obtained, without ſuffering any altera- 
tion. The only criterion by which we can diſtinguiſh 
whether this analyſis has taken place, is when, by re- 
uniting the ſimple ſubſtances to which the compound 
body has been reduced, we can form a new compound 
preciſely ſimilar to the former, Cinnabar will again 
furniſh an inſtance. When the two ſubſtances of which 
this compoſition is formed, namely mercury and ſulphur, 
are ſeparated by a chemical proceſs, they are found to 
be in a ſtate of purity ſimilar to that which they poſſeſ- 
ed before their ſeparation ; for by uniting them we can 
form a new body, differing in no reſpeQ from the original 
innabar. But unfortunately for the ſcience, this kind 
f analyſis can ſeldom be effected. Chemiſts are not ſo 
1appy as to be able to apply it to many of the bodies on 
which they make experiments. The neutral ſalts, and 
few other mineral ſubſtances, are the only bodies in 
nature ſuſceptible of this ſpecies of decompoſition. *® 
ct. A 2 The 


Cle 
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The Falſe or complex analyſis is that by means 
which a body is reſolved into principles different fron 
thoſe which appeared to exiſt in the compoſition, an 
incapable of forming, by their reunion, a body fimily 
to that from which they were obtained. 

This kind of decompoſition takes place in moſt of the 
bodies that are ſubject to a chemical analyſis ; no otha 
condition being requilite, but that more than two pris 
ciples enter into the combination to be examined, und 
that they be united by a certain degree of mutual affiu ts ut! 
ty. Many minerals, and all vegetable and animal ſus place 
ſtances without exception, admit of no other ſpeciesd 
analyſis, Thus ſugar, diſtilled in a retort, affords an acid 
an oil, and a carbonaceous reſidue ; but all attempts u 
recombine theſe into the ſame ſubſtance from which 
they were obtained, are uniformly fruitleſs. This k 
of analyſis cannot enable us to diſcover in what tat 
ſubſtances exiſted together in any combination befor 
being ſeparated ; and it therefore affords but little ub 
ful information, and is not to be truſted without th 
greateſt caution. By truſting too haſtily to reſults d 
this kind, chemiſts have afforded room for all that ces 
ſure to which their art has been expoſed, On this a df ſam, 
count has chemiſtry been accuſed of abſolutely de Pat 
ing bodies in its attempts to ſeparate their componenM*p91 
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parts; and we cannot but acknoyledge that the cenſuf e 1-1 
was for a long time juſt : but becoming more circun {cover 
ſpect in proportion to her progreſs, chemiſtry now m fu 
jects that deceitful analyſis to which ſhe formerly had rl _ a. 
courſe, and potlefles the means of examining the prope 3 

vie Ela 


Bes and diſtinguiſhing the component principles of bv 
die 


Syntheſis. 


8 
be without deſtroying their-nature. She even proceeds 
on WT farther, and, as we ſhall have occafion to mention more 
particularly when we come to treat of vegetable ſub- 
1, WM fences, eſtimates the mutual action of principles, and 


determines by what cauſes they are thus modified and 


changed. : 
Syntbefis or compoſition, the ſecond method of pro- 


ſecuting chemical inquiries, is the formation of a com- 


fin 
pound by the artificial reunion of ſeveral principles. 
lis utility, its extent, and the dependance that may be 


placed on the reſults which it affords, render it much 
more valuable than the other: nay, not even a ſingle 
operation in chemiſtry can be conducted without pro- 
ducing ſome new combination. Chemiſts appear not to 
ave been ſufficiently ſenſible of its importance. In fact, 
s ſyntheſis is both more frequently employed and more 


good deal of propriety, repreſented as the ſcience of 
ombination, not of analyſis. 

Theſe two methods are ſometimes employed ſepa- 
ately, but oftener together, It frequently happens 
hat a true analyſis cannot be effected without the help 

of ſame combination. Falſe analyſes are always ac- 

ompanied with new combinations by ſyntheſis; nay, 

den empoſition itfelf often produces a kind of analyſis. 

dune leſt of theſe facts, however, has been but lately 

um covered. The diſcovery of a great number of aeri- 

nm fluids, the exiſtence of which was not formerly ſo 

1 ro och as ſuſpected, has ſhown that in many operations 
yhich were conſidered as ſimple combinations, an invi- 

bo PE claltic fluid is diſengaged with efferveſcence, and: 

die A. 3 either 


bighly uſeful than analyſis, chemiſtry might be, with a 


— — — 
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ſels which have been ingeniouſly contrived to confine 
it. Moſt of the combinations of two principles which 
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either eſcapes into the atmoſphere, or is received in yef. 


were before thought to be ſimple ſubſtances, exhibit 
this Kind of analyſis. We ſhall have occafion to gin 
frequent inſtances of it, when we come to treat of ney. 
tral ſalts. | 

From this ſhort account of the analyſis and ſynthe 
of the chemiſts, it appears that the whole art of che. 
miſtry conſiſts in promoting the intimate mutual aQion 


of bodies, and in obſerving carefully the phenomen i 


with which it is attended. It is to be remembered, 
that Nature herſelf conſtantly employs theſe two me. 
thods, and that from her the chemiſt firſt learned to ule 


them. As they depend on the mutual affinities of bo 


dies, all that the artiſt can do is to diſpoſe theſe in ſuch 
a manner that they may act upon each other. The 
young chemiſt ought carefully to acquaint himſelf with 
theſe important truths: for theſe, with the reſt to be 
explained in the following chapters of this firſt pan, 
form the baſis of the ſcience, 

Hence it is very eaſy to comprehend the final inten- 
tion of chemiſtry, That cannot be merely to diſcover 
the firſt principles of bodies; for there are many ſub 
ſtances which cannot be reſolved into others more fin- 
ple, and whoſe component principles are therefore u- 
known : yet theſe ſubſtances, though not ſuſceptible 
analyſis, admit of combination, and act upon other bs 


dies; and therefore it appears evident, that the chi 


deſign of chemiſtry is to diſcover the mutual actions d 
natural bodies, to diſtinguiſh the order of their com 
nation 
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nations, and to eſtimate the ſtrength of that mutual at- 
traction which gives them a tendeney to unite and to 
remain in union, 


g ll. Concerning the uſeful Purpoſes to which Chemiſtry 
may be applied. 


A PARTICULAR treatiſe would be neceſſary to give a 


full view of all the advantages which mankind 


derive from this ſcience. As the deſign of this work 
does not admit of our entering minutely into that ſub- 
jet, we ſhall content ourſelves with exhibiting its out- 


lines; inſiſting, however, more particularly on ſuch of 


them as appear not to have been hitherto conſidered 
with all the attention which they deſerve. 

Chemiſtry is bene ficial to ſo many of the arts, that we 
may arrange them all under two diviſions : the firſt, 
comprehending all the mechanical arts which depend 
on the principles of geometry ; the ſecond, including 
all thoſe which depend upon chemiſtry, and therefore 
merit the name of chemical arts. Theſe laſt are muah 
more numerous than the other. As they are all found- 
ed on chemical phenomena, it is eaſy to ſee that the 
pratice of them ought to be regulated by the rules of 
chemiſtry ; which, by new diſcoveries, ſimplifies the 
proceſſes, renders their ſucceſs more certain, - and even 
extends the limits of all the arts dependant upon it. 
Theſe are, 1, The arts of making bricks, tiles, china, 


JF porcelain, and the other ſpecies of earthen ware; all of 


which are preparations of different kinds of clay, baked 
into dillerent forms, and expoſed to the action of heat 
A 4 till 


- 
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till each may have acquired its proper degree of hard. 

neſs. 2dly, The art of making-glaſs ; which, by com. 

bioing a vitrifiable earth with a ſaline ſubſtance, produ- 

ces a new body, hard, tranſparent, and almoſt impreg. 

nable by the action of the air: A wonderful art, from 

which mankind have derived many important advanta. 

ges! 3dly, The arts of extracting metals from their ore, | 
of caſting, of purifying, and of alloying them by mixture, 

owe alſo their origin and progreſs to chemiſtry, which 

is daily. throwing new light upon them. 4tbly, The ve. 

getable kingdom affords materials to a great number of 

arts, which, as well as thoſe above-mentioned, belong 

to the province of chemiſtry; The arts of converting 

ſaccharine juices, or farinaceous ſubſtances, into yinow 

liquors ; of extracting from theſe liquors the ardent ſpi- 

rit which they contain; of ſeparating that ſpirit from 

the water with which it is at firſt combined; of uniting 

this ardent ſpirit with the aromatic parts of plants; of 

extracting the colouring matter of plants, and applying 

it ſo as to tinge ſtuffs; and, laſtly, the arts of convert. 
ing wine into vinegar, and combining vinegar with va. ſes that 
rious ſubſtances; of ſeparating from grain and other drugs. 
parts of vegetables that precious ſubſtance of which we Whquire a 
form bread ; and of converting ſo dry and inſipid a bo- Itter ac 
dy as meal, into a light, digeſtible, and pleaſant ſub» materis 
ſtance ; all theſe arts, and many more, which our pre- {Wſ'iudy it 
ſent limits allow us not to take particular notice of, be- Nouly, c: 
long to the province of chemiſtry, and are indebted to to re 
this ſcience for their preſent perfection, and in many in- We"'ttle 
ſtances for their firſt invention *. 


It * I, 
* The ar! of Leaching is wholly chemical, —H. 
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It has equal claims to the honour of being the miſtreſs 
or parent of all thoſe arts which are employed on animal 
ſubſtances. Such is the uſeful art of cookery ; the true 
end of which is not' to flatter the palate, or to va- 
ry the forms and flavours of meats, for the gratifica- 
tion of capricious taſte ; but to render aliments eaſy of 
digeſtion, by means of boiling, or by applying to them 
mild and natural ſeaſoning. Hat-making, and the dreſ- 
ſing, tanning, and currying of leather, belong to the 
fame claſs of arts. But one of the moſt valuable of all 
the arts, which indeed occupies a middle rank between 
the arts properly ſo called, and the ſciences, and to 
which chemiſtry is ſingularly uſeful, is pharmacy. E- 
very perſon concerned in pharmacy needs a very exten- 
five knowledge of chemiſtry, that he may nat be igno- 
rant of thoſe alterations to which the bodies he makes 
uſe of are ſubjet ; may know how to prevent or cor- 
rect ſuch alterations; may be enabled to diſcover the 
changes which compound medicines undergo; and, in 
a word, may foreſee readily the combinations or analy- 
ſes that may be produced by the mixture of any ſimple 
drugs. Every impartial perſon muſt agree, that to ac- 
quire a competent {kill in pharmacy, the {tudent ought, 
aiter acquainting himſelf with the natural hiftory of the 
materia medica, to turn his attention to chemiſtry, and 
ltudy it with the moſt earneſt aſſiduity. By theſe means 
only, can pharmacy be practiſed on certain principles, ſo 
as to render to mankind thoſe important ſervices which 
entitle It to the high rank it holds among the arts *, 

A 


It is probable that agriculture may be greatly benefited by the 
application 


1 


10 To Natural Hiſtory. 


A very curſory view of the ſciences will be ſufficient 
to convince. us of what important benefits they may 
derive from chemiſtry. To natural hiſtory it is pecy. 
| liarly beneficial. The earlier naturaliſts employed the 

| phyſical properties of colour, form, conſiſtency, &. a 
L the diſtinguiſhing characteriſtics of minerals: but theſe 
properties being very liable to variation, the bodies d 


has 
Owe 
hav 
M.! 
cote 
ever 


loſo] 


[+ which ancient philoſophers have ſpoken are no longer that 
| known, and their diſcoveries are almoſt totally loft, * 
14 The moderns have become ſenſible, that, in order to thin 
4 obviate this inconvenience fo fatal to the progreſs d N 
natural hiſtory, ſome new method muſt be adopted. of re 
Chemical analyſis has been thought the happieſt that FINER 
can be employed; and by this method ſuch progrel AYR 
has already been made, that minerals are now arrag- tenti 
ed in claſſes according to the nature and quantity dito de 
the principles of which they are compoſed. The-pro- their 
greſs made in this branch of natural hiſtory is owing Wi ynde 
to the labours of Meſſrs Bergman, Bayen, Monnet, &c. lows 
Wallerius, Cronſtedt, and ſome other naturaliſts, fir vails 
began the arrangement of mineral bodies according to The « 
their chemical properties. M. Bucquet, in his latter ing t] 
* courles of lectures, had improved on the ideas of thole my le 
two celebrated naturaliſts; and his mode of arrange- with: 
ment was entirely chemical. M. Sage, who has ani But 
lyſed a great number of minerals, has alſo employed s useful. 
chemical mode of arrangement: and though no chemill Wl chem; 
has N ferenc 
application of chemiſtry to diſcover the operation of manures, and the ance 
principle of fertility in foils. Lord Dundenald's late work, and Ur Opinion 
Kirwan's eſſay in the Tren/aftions of the Royal I, iſu Academy; are lau would 


able attempts in this way.—II. 
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has adopted the whole of his theory, yet mineralogy 

owes to him the higheſt obligations; and few in France 

have purſued the ſtudy with greater induſtry aud ſucceſs. 

M. Daubenton has availed himſelf of the Jaboursdf all his 

cotemporaries and predeceſſors; examining them, how- 7 
ever, with a degree of caution worthy of the true phi- 

loſopher, whoſe proper object is to diſcover truth amid 

that maze of error and uncertainty, in which, unfortu- 

nately for mankind, it 1s too often concealed. No- 

thing, then, can be more certain than the utility of 

chemiſtry to natural hiſtory ; it affords the only means 

of removing that obſcurity and uncertainty which muſt 

ever attend fimple deſcriptions of natural objects. One 

obſervation of M. Daubenton merits the particular at- 

tention of all chemical philoſophers : He adviſes them 

to deſcribe carefully the ſpecimens on which they make 

their experiments, in order that they may be generally 

underſtood by naturaliſts, and may avoid that confu- 

fion which, according to this celebrated profeſſor, pre- | j | 


vails through the works of many modern chemiſts. 4 
The only means which I have found proper for avoid- 
ing that confuſion, is, to connect the two ſciences in 
my lectures, by uniting” phyſical deſcriptions of bodies 
with an account of their chemical properties. 

But the world are not fo generally convinced of the 
uſefulneſs of chemiſtry in medicine. The errors of the 
chemical phyſicians of the laft century, and the indif- 
ference of a number of medical practitioners for this 


ſcience, have impreſſed many with an unfavourable 
opinion of it, which time alone can remove. Yet, it 
would ſurely be better not to lend an ear, to the voice of 

3 prejudice, 
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prejudice, but to inquire candidly into the cauſes of 
thoſe miſtakes which chemiſts have committed, and to 
conſider by what means they may be for the future 
avoided, and the ſcience reſtored to its juſt honour, 
Though the firſt phyſicians who cultivated chemiſtry 


Acc 
It 1 
iti 
by 


were miſled by a blind enthuſiaſm; yet from that n oy 
inferences can be drawn applicable to the chemiſtry of 97 
the preſent time. The preciſion which the modem 1 ; 
have introduced into every part of experimental philo. the 
ſophy, cannot but remove all the apprehenſions which 5 
might be entertained, if chemiſtry were ſtill involved LG 
in the ſame degree of myſtery and obſcuriry in which leAe 
* was a century ago. If employed with caution, and they 
with a due regard to the extent of its powers, it cannot Auid 
but be highly beneficial to medicine. After thus gc- com 
knowledging the whims and blunders of chemiſts, let —_ 
us proceed to juſtify the ſcience, by examining how lar EG 
it is uſeful to every branch of medicine. Let us fit WM and: 


diſtinguiſh between the two great departments of this mals. 
extenſive ſcience, namely, the theory and the practice; riſon, 
which, however, ought not to be entirely ſeparated exten 
from each other, as they have been by ſome authors. chem 
The ſtudy of medicine ought always to begin with the iin a 
anatomy of man and the other animals. But the ſolid Bi attent 
are the only part of the animal frame ſubject to the ex- ¶ order 
amination of anatomy; while it is well known to phy: tions 1 
ſiologiſts, that the greateſt part of animal bodies conſills ma: 
of fluids, by the motion of which life is maintained. Wl domin 
Were we then to confine our obſervation to the ſtructure phulot 
of the veſſels, without examining the nature and pro- during 
perties of the fluids which they contain, we ſhould be traded 

3 F acquainted 
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acquainted with only one part of the animal ſyſtem. 
It is the buſineſs of chemiſtry to explain to us the qua- 
lities of theſe fluids : chemiſtry affords the only means 
by which we can acquire a knowledge of the principles 
of which they are compoſed, and of the changes which 
they undergo 1n performing thoſe functions by which 
they contribute to- the ſupport of life. Without the aid 
of this ſcience, it would be impoſlible for us to diſcover 
the mechaniſm of the animal functions; to diſtinguiſh 
between the various fluids ſeparated by the different viſ- 
cera; to obſerye what alterations theſe ſuffer when col- 
leRed in their ſeveral reſeryoirs or to underſtand how 
they are affected by heat, cold, or mixture with other 
fluids, &c. When we are thus far acquainted with the 
compoſition of animal fluids, it will next be proper to 
examine what variations they are liable to, from diffe- 
rences of ſex, age, conſtitution, climate, and ſeaſon; 
and to trace them through the various ſpecies of ani- 
mals. Thus ſhall we eſtabliſh certain points of compa- 
riſon, by means of which the limits of ſcience may be 
extended, It is not enough, however, to examine the 
chemical properties of the animal fluids when the ſyſtem 
is in a ſound ſtate : they ſhould be obſerved with no leſs 
attention when the body languiſhes under diſeaſe, in- 
order that it may be certainly diſcovered what altera- 
tions they ſuffer in the various diſtempers to which the 
human frame is liable; what part of the humours pre- 
dominates in putrid, inflammatory, ſcorbutic, or ſero- 
phulous diſorders ; what faline combinations are formed 
during the progrels of the diſtemper; what matter ex- 
traded from its proper veſſels. Such reſearches cannot 


tail 


— — 


. 
= 
— 
— 3 - - 45 
* 9 4 4 
> _ „ od P 8 F . . 
7 by - * * 
a * * V 
e A ³˙ m- Yu Ante. ets. 
N — 2322 , * . —. ” 
= = wa . 
= —_— - 
= — 1 — OI” = ts. "Guts * 


= — ͤä 
"Dp * 


— — oꝝĩ.— — <A CO — = — — 
280 ws . - 1 8 * 


14 To the Practice. 


fail to make phyſicians better acquainted with the hit 
tory of pathology. We think it equally neceſſary tg 
examine the ſolids by chemical methods, in the-ſound 
as well as in the diſeaſed ſtate of the body; that by 
conſidering their properties, we may diſcover from what 
fluid they are produced ; and, this known, may con- 
jecture upon good grounds, what ſolid or fluid has ſuf. 
tered alteration in any diſtemper. This poſition, which 
is here but ſlightly mentioned, will be more particular. 
ly explained in the chapters on Animal Matters. 

But chemiſtry is no leſs uſeful to the practice than to 
the theory of medicine; nor can it indeed be uſeful to 
the one without promoting the other at the ſame time, 
It will, therefore, be no difficult taſk to ſhow the de. 
pendance of the practice upon the ſcience. To begin 
with the art of preſerving health; an accurate chemi 
cal knowledge of the various articles of food, and of 
the atmoſpheric fluid, is neceſſary to enable us to make 
a proper choice of air and aliments. By chemiſtry we 
learn what quantity of nutritive matter is contained in 
every diſſerent article of food; in what particular ſtate 
that matter exilts in each of the bodies in which its 
found; the nature of the ſeveral ſubſtances with which 
it may be combined; and the means of extracting, pu- 
rifying, and preparing it in a manner ſuitable to the 
ſtrength or weakneſs of difterent ſtomachs. It is the 
ſame ſcience that explains to us the nature of thole 
fluids which we ule to drink; what properties render 
water wholeſome or noxious, and how to ſeparate from 
it whatever may render it injurious to the animal ac6 
nomy ; what are the principles of termented liquors 


| and 


and 
the ſe 
may 
pertic 
this 1 
pable 
tion u 
happ) 
noxio 
prope 
we arc 
be thc 
The 
unleſs 
mult ! 
nerall) 
medic; 
The w 
a cert; 
bet wee 
they ad 
any ſu 
Bitters 
laxing 


® The 


impticn 


Beda es, 
pumber of 


emi? ry 


7a 


Medicine. "5: 


and in what proportion thoſe are mingled together in 
the ſeveral kinds of wine; as alſo by what proceſſes we 
may diſtinguiſh whether wine be genuine or adultera- 

Laſtly, by the ſame means we learn, what pro- 
perties render air fir for reſpiration ; to what changes 
this fluid is liable; and what other ſubſtances are ca- 
pable of altering its purity, by entering into combina- 
tion with it. Chemiſtry likewiſe fupplies us with the 
happy means of correcting the qualities of air when 
noxious, ſo as to reſtore it to that ſtate in which it is 
proper for reſpiration : for the diſcovery of which means 
we are indebted to the induſtry of the moderns, as ll 
be ſhown in the Hiſtofy of Air &. 

The phy ſician ought not to make uſe of medicines 
unleſs he know their nature ; and this knowledge he 
muſt learn from chemiſtry. This has been ſo long ge- 
nerally acknowledged, that the writers. of the materia. 
medica arrange medicines by their chemical properties. 
The uniform experience of all ages has eſtabliſhed it as 
a certain truth, that there is a cloſe and natural relation 
between the taſte of bodies and the manner in which 
they act on the animal ceconomy ; ſo that by taſting 


cl Hany ſubſtance we may judge of its medicinal qualities: 
pv- WT Bitters are ſtomachic ; inſipid ſubſtances, mild and re- 
the Waxing ; bodies of an agreeable ſweet taſte, nutritious ; 
the acid 
ole | 

det * The application of a&riform fluids to the cure, particularly of ca- 
ak tian and cancer; which has been attempted in Britain, by Dre. 
mM. Peder, Exvart Darwin, and others; if finally ſucceſsful in ſuch a 
| pumber of unequivocal caſes, as may recommend it to the practice of 
dans in e ; will greatly enlarge the range of the utility of 
ind aemifiry in medicine.— I. 
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acid ſubſtances, active, penetrating, and inciſive, Jy 
as taſte is undeniably a chemical property, dependiny 
on the tendency of ſubſtances to combination, as ſh 
be elſewhere ſhown, we muſt confeſs ourſelves indebte( 
to chemiſt ry for whatever knowledge of the propertis 
of bodies we can gain by examining their taſte. Yetz 
would be abſurd to ſuppoſe, with the chemical phyk. 
cians of the laſt century, that the ſtomach is a veſſel i 
which chemical proceſſes are carried on, as in a labors 
tory. The inteſtines poſſeſs indeed ſenſibility and aps 
culiar motion, which modify the nature and operatin 
of ſuch medicines as are adminiſtered ; but it become 
the phyſician to repreſs thoſe wild ſallies of imaginatia 
which lead to ridiculous hypotheſes, and to ad mit only 
ſuch facts as are eftabliſhed by accurate obſervation. | 
cannot be denied, that, in ſome caſes, medicines ati 
the firſt paſſages by means of their chemical properties 
then, indeed, the phyſician may apply his chemical 
knowledge. Long experience has ſhown, that in the 
diſeaſes peculiar to children, the ſtomach and intefting 
are coated with a tenacious viſcid matter, which is mv 
niſeſtly of an acid nature. The abſorbent earths, and 
alkalis adminiftered on ſuch occaſions, deſtroy this acid 
by entering into combination with it, and form a ne 
tral purgative ſalt, which by ſtimulating the inteſtines 
cauſes them to evacuate the noxious matter. All di 
eaſes that occaſion an accumulation of obſtruQive mat 
ter in the primary paſſaged, require the phyſician 9 
poſſeſs ſome chemical knowledge; as it is certain thi 
ſome ſubſtances will act with more force than others 


that obſtructive matter, Thus, for inſtance, acids ma 
be 
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be adminiſtered to remove one kind of obſtruction, and 
« ſolution of ſalts for another. | ; 
But the greateſt advantage which the praQitioner of 
medicine can derive from chemiſtry, is on thoſe alarm- 
ing occaſions when, by accident or deſign, ſome. of. 
thoſe corroſive ſubſtances have been ſwallowed, which 
prove fatal to life by attacking the viſcera, and de- 
froying their organization. On ſuch occaſions chemiſ- 
try lends the readieſt and moſt effectual aid to medi- 
cine, by ſupplying ſubſtances which have power to de- 
compoſe the poiſon, and by that means obviate its dire- 
ful effects. Navier, a celebrated medical chemiſt of 
Chalons, has publiſhed a work, in which he points out 
effectual remedies to prevent the deſtructive effects of 
the poiſons of arſenic, corroſive ſublimate, verdegris, 
or the preparations of lead. Notwithſtanding the an- 
ery declamations of ſome phyſicians, who ſeem defir- 
ten ous of excluding the ſciences from the practice of medi- 
van cine, his work well deſerves the gratitude of poſterity. 
ne Not only does chemiſtry at preſent enable us to coun- 
nde teract effectually the operation of mineral poiſons; but 
mv tere is even reaſon to hope, that careful inquiries into 
auge nature of animal and vegetable poiſons, may enable 
us to diſcover ſome ſubſtances capable of diveſting them 
alſo of their pernicious powers. Opium, and all narco- 
tic vegetables, the acid and cauſtic juices, ſuch as thoſe 
bf ſpurge and euphorbium, the noxious plants, parti- 
ularly muſhrooms, are all well worthy of the particu- 
ar attention of the chemiſt ; as by his reſearches ſome 
means may pollibly be diſcovered which may render 
hem hereafter leſs dangerous. It is of no leſs impor- 


tance to examine the nature of animal poiſons, From 
Vol. I. 5 B the 
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the experiments of Margraaf and Fontana we are | 
ready acquainted with the acid of ants : Thouveng 
has diſcovered ſeveral acrid ſubſtances in cantharids; 
Mead has examined the venom of the viper : Fontan 
has purſued a train of inveſtigation concerning the ſa 
poiſon; and has diſcovered, that lapis cauſticus, int. 
duced immediately into the wound made by this rep 
tile, decompoſes the poiſon, and prevents its effect 

Did chemiſtry even contribute leſs in theſe inſtance 
to the benefit of medicine; yet ſtill by ſupply ing ſud 
a number of valuable drugs, ſhe muſt be confeſſed i 
render ſervices of the higheſt importance to this ulefi 
ſcience. Stibiated tartar, together with the vanou 
mercurial, antimonial, and martial preparations, Which 
are ſo often and ſo ſucceſsfully preſcribed, when cov: 
ſidered as the gifts of chemiſtry, muſt ſurely indus 
phyſicians to eſteem the ſcience, and to encourage that 
who proſecute chemical reſearches from a deſire to cots 
tribute to the advancement of medicine. As for m 
ſelf, the natural bent of my genius, no leſs than ny 
particular ſituation, leads me to cultivate both thek 
ſciences with the moſt earneſt wiſhes to promote thet 
improvement, The declamations of thoſe, who frat 
their ignorance of chemiſtry, are induced to reprelei 
it as of no utility in medicine, ſhall never detach it 
from its purſuits. I have engaged with ardour in tit 
ſtudy of animal chemiſtry, and am determined to ts 
low the ſteps of thoſe who have already proſecuted 
with ſo much ſuccels. 5 

To conclude our obſervations on the utility of 6 
miſtry to medicine; we ſhall only add, that a certal 


degree of chemical knowledge is abſolutely necellaryi 
| enabk 
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enable the phyſician to make out a-preſcription of any 
compound medicine, to be prepared by the apotheca- 
ry, Perſons unſkilled in chemiftry are liable to com- 
git the groſſeſt blunders daily in making out preſcrip- 
tions; to order, for inſtance, the compoſition of ſubſtan- 
ces incapable of ſubſiſting in union, or ,which have a 
mutual tendency to decompoſe one another. In the 
caſe of decompoſition, the medicine adminiſtered can- 
not poſſibly produce the deſired effects. Chemiſtry 
furniſhes the only means to prevent ſuch blunders ; 
which are often attended with the moſt unhappy conſe- 
quences. If poſſeſſed of chemical knowledge, we will 
never attempt to compound together ſubſtances inca- 
pable of mutual combination ; the laws of chemiſtry 
muſt always direct us in the preparation of compound 
medicines, Without a knowledge of chemiſtry, the 
phyſician muſt ever be liable to commit numerous 
blunders ; which, though they ſhould be followed by 
no other bad conſequences, cannot but expoſe him to 
the contempt of the apothecary ; as the practice of the 
apothecary naturally makes him acquainted with many 
chemical facts, 
The uſefulneſs of chemiſtry in the arts, and the re- 
ſemblance of its proceſſes to the manipulations of artiſts, 
have cauſed it to be contounded fometimes with alche- 
my, ſometimes with pharmacy; though they muſt be 
very ignorant indeed, who can thus contound objects 
ſo widely different from one another, and can regard 
he chemiſt as a fanciful projector, unweariedly em- 
ployed in a. vain ſearch for the philoſopher's ſtone. 
Lven a very flight attention to the nature and purſuits 
© chemiſtry, may be ſufficient to convince any perſon 
| 22 that 


chemiſt pretends to effect by a ſet of abſurd and deſul, 
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that there is a vaſt difference between thoſe purpoſe 
which the chemiſt purſues in a train of regular connec. 
ted reſearches, and the tranſmutations which the al, 


tory proceſſes, That miſtake which leads many People 
to regard chemiſtry as the art of preparing drugs 1s mor 
excuſable; it confounds not the chemiſt with the igno 
rant and inſignificant operators of the Great Work; 


T 


Know 
who, as is humorouſly obſerved by Macquer, are the tent 
artiſans of an art which has no exiſtence ; but aflociaty Ie ei 
him with a claſs of uſeful and reſpectable artiſts, whoſe purſui 
Iz bours are of high importance to ſociety. Yet as phat zmpro 
macy is but one branch of chemiſtry, to confine che, Rory | 
miſtry to the making up of medicines, 18 to entertain lager 
very unjuſt idea ot the extent of the ſcience. Pharm tile, 

cy, as well as all the other arts dependant on chemiſtry ** 
is guided and aſſiſted in its operations by this ſcience, Mer gal 
But chemiſtry, in its nature and objects, 18 more lub TIP 
lime and extenſive; it extends its Inquiries and indue. orks 
tions to the reciprocal action of all the bodies in natueiiculat 
and thus contributes at the ſame time to the advance. proore 
ment of both philoſophy and the arts, Encycl 
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The Hiſtory of Chemiſtry. 


HE ſtudent of any ſcience ſhould make himſelf ac. 

quainted at leaſt with the outlines of its hiſtory. A 
knowledge of the leading faQs, and of the dates of dif- 
ferent diſcoveries, will be of uſe to enable him to avoid 
the errors of thoſe who have preceded him in the ſame 
purſuits, and to direct him to the path which leads to 
improvement. But as a very minute detail of the hi- 
Rory of chemiſtry · might poſſibly be conſidered as an 
unneceſſary digreſhon from the main object of this trea- 
tiſe, we ſhall confine ourſelves to a view of leading facts, 
rithout entering into particulars, Whoever is defirous 
of fuller information concerning the rife and progreſs 
ft chemiſtry, may conſult a variety of well-written 
yorks which have been publiſhed on the ſubject ; par- 
ticularly, the Treatiſe of Olaus Borrichius, de ortu et 
progreſſu Chemie ; the article Chimie in the Dictionnaire 
Encyclopedique 5 the Introduction to Senac's Treatiſe on 
Chemiſtry ; Abbe Lenglet du Freſnoy's Hiſtory of the 
Hermetic Philoſophy ; the firſt Chapter of Boerhaave's 
hemiſtry ; the Diſcourſe perfixed to Macquer's Che- 
mical Dictionary; Bergman's Effay on the, Hiſtory of 
hemiſtry, &c. 

To give the reader a brief and methodical account of 
the progreſs of the human mind in the ftudy of chemiſ- 
ny, and of the ſucceſſive diſcoveries which have been 
made in this ſcience ; we ſhall divide our hiſtory into ſix 
periods. 


I. 


Origin of Chemiſtry. 


T. , 


. The origin of Chemiſtry among the Egyptians, and ij 
progreſs among the Greeks. 


Tux origin of chemiſtry is hid in the ſame obſcwiy 
which conceals that of the other arts and ſciences. Th 
patriarch Tubal-Cain, who lived before the flood, i 
conſidered as the inventor of chemiſtry ; but the on 
part of it known to him was the art of working metal; 
he ſeems to have been the ſame with the Vulcan off 
bulous hiſtory. 

We may with more confidence aſcribe the inventia 
of this ſcience to the ancient Egyptians. According 
Abbe Lenglet du Freſnoy, Thoth or Athotis, ſurnamel 
Hermes or Mercury, is the firſt of this nation of when 
mention is made as being a chemiſt. He was the fond 
Mezraim or Oftris, and the grandſon of Cham. He be 
came king of Thebes. 

Siphoas was the next Egyptian monarch, who wa 
alſo diſtingufthed as a philoſopher. He lived 800 yen 
after Athotis, and 1900 before Jeſus Chriſt, He is ns 
med Hermes, or Mercury Triſmegiſtus, by the Greek 
and is therefore the ſecond Mercury: he is confident 
as the inventor of natural philoſophy ; he wrote tm 
and forty books on the ſubject of philoſophy, the tilt 
of which have been handed down to us by variousÞ 
ſtorians. None of them ſeems to have treated diredl 
of chemiſtry ; though from him has the ſcience been! 
titled the Hermetic Philoſophy. 

We know but little concerning thoſe who cultivate 
chemiſtry among the Egyptians ; but the ſcience? 
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ars to have made conſiderable progreſs among them, 
for they practiſed many of the arts dependant on che- 
miſtry; particularly the arts of forming imitations of 
the precious ſtones, of caſting and working metals, of 
painting upon glaſs, &c.: but the chemiſtry of this an- 
cient people has been loft, as well as their other arts 
and ſciences. The prieſts involved them in myſtery, 
and concealed them under the veil of hieroglyphics. 
Alchemiſts have perſuaded themſelves, that ſome veſti- 
ges of their pretended art may be traced among the re- 
mains of the Egyptian hieroglyphics ; and that the 
temple which the Egyptians dedicated to Vulcan was 
erected in honour of alchemy. | 
The Iſraelites acquired a knowledge of chemiſtry from 
the Egyptians. Moſes is conſidered as a chemiſt, on ac- 
count of his diſſolving the golden idol which the people 
had ſet up. It has been thought, and Stahl has even 
written a diſſertation to prove, that he rendered the 
gold ſoluble in water by means of liver of ſulphur. 
Such a proceſs ſuppoſes a pretty extenſive knowledge 
of chemiſtry. ' 


Democritus of Abdera, who lived about 300 years 
before Jeſus Chriſt, travelled into Egypt, Chaldea, and 
Perſia, &c. and is ſaid to have gained ſome ſkill in che- 
miſtry in the firſt of theſe countries. Though the fon 
of a man whote opulence had enabled him to enter- 
tain Xerxes and all his attendants, he returned very 


poor to his native country, where he was kindly recei- 
ved, however, by his brother Damafſſus Ketiring to 
a garden near the walls of the city of Abdera, he em- 
ployed himſelt in the ſtudy of plants and precious ſtones, 
Cicero aſſerts, that Democritus, in order that he might 
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not be diverted from his ſpeculations by external oh 


jects, deprived himſelf of fight by gazing on the rays of * 
the ſun reflected from a veſſel of poliſhed copper: But vity 
Plutarch denies this fact. Pliny was ſo amazed at the WW.:.: i 
knowledge of Democritus, that he confidered it as quite Int 
miraculous. al of 
Some authors reckon Cleopatra a chemiſt, becauſe WM his 
ſhe knew how to diffolve pearls. It is even affirmed, Int 
that the art of chemiſtry being known to all the Egyp- Hon 
tian prieſts, continued to be practiſed among that na. erit 1 
tion till the time when, according to Suidas, Diocleſan uch 
thought to reduce them more eaſily under ſubjection, by 
burning their books on chemiſtry. 
II. bem 
The Chemiſtry of the Arabians. 
. Tur 
AFTER a long ſeries of ages, through which it is im- cord. 
poſſible to trace the progreſs of chemiſtry amid the re- at thi 
volutions of empire; this ſcience again appears among eight 
the Arabians, and cultivated fo ſucceſsfully as to merit he ch 
our attention. | zypti 
Under the dynaſty of the Achemides, or Abaſſides, Mine! 
the ſciences, which had long been neglected, regained Ns u 
their former vigour, Almanzor, the ſecond Caliph of Wrance, 
this family, eagerly cultivated aſtronomy. Harum en ei 
Raſchid, the fifth Caliph, who was cotemporary with eir la 
Charlemagne, cauled ſeveral books on chemiſtry to be ty, 
tranſlated from the Greek into the Arabic. oft dit 
In the ninth century, Gebber of Thus, in Chorazan, In\th 
a province of Perſia, wrote three different treatiles on can 0 


chemiſtry; which contain a number of tolerably good 
things. 


4 
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things. His maſterpiece is entitled, Summa perfectionis 
zapiſterii, He has written with conſiderable perſpi- 
uity on diſtillation, calcination, the reduction and the 
vlution of metals. | 

In the tenth century, Rhazes, phyſician to the hoſpi- 
al of Bagdad, firſt applied chemiſtry to medicine. Some 
his pharmaceatic preſcriptions are ſtill in eſteem, 

In the eleventh century, Avicenna, a phy fician, in ĩmi- 
tion of Rhazes, applied chemiſtry to medicine, His 
erit raiſed him to the office of Grand-Vizir; but his de- 
aucheries occaſioned his degradation from that office. 


III. 


bemiſlry paſſes from the Eaſt to the Weſt, in the time of 
the Cruſades : Reign of Alchemy. 


Tux art of making gold continued long in repute, 
cording to the authors who have written upon it. 
ut the madneſs that gave riſe to it wis at its greateſt 
eight between the eleventh and the ſixteenth century. 
he chemical facts which had been diſcovered by the 
gyptians, collected by the Greeks, and applied to me- 
cine by the Arabians, became known to the four na- 
ons who viſited the eaſt in the Cruſades; and England, 
rance, Germany, and Italy, ſoon ſwarmed with a ſet of 
en eager in ſearch of the philoſopher's tone. As 
er Iabours contributed to the advancement of che- 
try, it is but reaſonable to take notice of ſome of the 
lt diſtinguiſhed among thoſe ſingular geniuſes. 

In\the thirteenth century, Albert the Great, a Domi- 
can of Cologn, and afterwards of Ratiſbon, was repu- 
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ted a magician ; and compoſed a work, which conta 
deſcriptions of many alchemical proceſſes. 
Roger Bacon, born in the year 1214, near Ilcheſter 


in the county of Somerſet, ſtudied at Oxford, and came 1 
afterwards to Paris to proſecute his ſtudies in mathems. WW tins 
tics and medicine, He is celebrated as the author d nat! 
ſeveral inventions; any one of which might well intitl der 
him to immortality, Among theſe are the camera oh. on! 
ſcura, the teleſcope, and gunpowder. He is ſaid to ha gius 
made a ſelf. moving chariot, a fly ing machine, a {peaking WW anti 
head, &c, He was a cordelier, and was firnamed the to t. 
Admirable Doctor. Being accuſed of magic, his fellows and 
were obliged to impriſon him. He afterwards relidel WF of ſe 
in an houſe in Oxford, where he is ſaid to have worked T 
in alchemy Borrichius ſaw the houſe, which was fil but 
known by his name “. | prail 
Arnold of Villeneuve, born in Languedoc in 1245, have 
died in 1310, having ſtudied medicine at Paris for 3 Al 
years. He wrote a commentary on the Schola Salem ry ob 
tana. The alchemiſts reſpe& him as one of their great ſome 
eſt maſters. Borrichius, in the year 1664, ſaw one a &c. t 
his deſcendants, an alchemiſt, in Languedoc. ledge 
T Fourteenth century. Raymond Lully, born in Ma perul: 


ca in 1235, came to Paris in i281; where he becamt 
acquainted with Arnold of Villeneuve, and ſtudied ut 
der him, Robert Conſtantine relates that he had ſet The », 
in the Tower of London, a Role Noble ſtruck out 6« 
gold, made by Lully, under the reign of Edward V. Kue 


the 


Concerning this houſe, if I miſtake not, a tradition has been la 
known at Oxford ; that when a greater man than Roger Bacon pai 
beneath it, it will tumble down upon his head. It ſtands on a bn 


. ＋ 
« And Bacon's manſion trembles o'er his head.“ Jonx s 1 
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alchemy, which contain ſome facts relative to the-prepa- 
ration of acids, or aquatortis, and the properties of metals, 

Fifteenth century, Baſilius Valentinus, a Benedic- 
tine of Erfort in Germany, was ſkilled in medicine and 
natural hiſtory. He has left a work on antimony, un- 
der the pompous title of Currus triumphalis Antimonii, 
on which a commentary has been written by Kerkrin- 
gius. This book deſcribes a conſiderable number of 
antimonial preparations, which have been ſince offered 
to the world as new diſcoveries, under different names, 
and have been preſcribed with great ſucceſs for the cure 
of ſeveral diſorders. 

The two Iſaacs of Holland, father and fon, though 
but little known, have left ſome treatiſes which are 
praiſed by Boerhaave, and from which they appear to 


have been acquainted with aqua fortis and aqua regia. - 


t 40 All th-ſe authors have written on chemiſtry in a ve- 
rn ry obſcure confuſed manner. Though acquainted with 
es. [ome proceſles of ſolution, extraction, and purification, 


e Kc. their pretenſions roſe much higher than theirknow- 


ledge; and ſcarce any advantage can be derived from a 
a peruſal of their works. | 


IV. 


The unverſul Medicine; Pharmaceutic Chemiſtry ; A. 


chemy oppoſed, from the fixteentb to the middle of the 
ſeventeenth Century. 


Txoveon the vain projects of the alchemiſts had been 
invariably unſucceſsful, and had been almoſt always at- 
tended with the loſs of fortune aud reputation; yet, in 
”=_ the 


the years 1312 and 1313. He has left ſeveral books on | 
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the fixteenth century, a prodigious number appearel; 
at the head of whom was Paracelſus, a Swiſs phyſician, 


| born at Zurich in 1493, whoſe reveries were eagerly em. 
braced by the reſt, This fanciful man aſſerted, that Jand 
there was an univerſal medicine, and ſubſtituted chem ow 
cal preparations in the place of the Galenical pharmacy with 
then in uſe. He cured many diſeaſes in which the or. i"? 
dinary remedies had been ineffectually applied, and par. ſequ 
ticularly venereal complaints with mercurial prepam. but? 
tions. He performed ſome very ſurprifing cures ; but * 
became ſo extravagantly fluſhed with his ſucceſs, as to * © 
burn in public the writings of the Greek phyſicians, He 3 
died amid his imaginary triumphs in an inn in Salts Naluz 
burgh, at the age of 48, after having promiſed himſelf medi 
immortality from the uſe of his ſecrets. Zwel 
Notwithſtanding the extravagance and abſurdity d ihe p 
his idea of an univerſal medicine, it attracted the atten- Fo 
tion of alchemiſts, and revived the ſpirit of alchemy, Germ 
Several imagining that they had diſcovered the univer * 
fal medicine, aſſumed the new title of Adept. Among 
zan Ciſting 
theſe were, at the beginning of the ſeventeenth century, * 
1. The Roſicrucians, a fraternity that aroſe in Ges "i 
many, were never known but by name in France, a. 
whoſe individual members never made any public ac: 1 al 
knowledgement of their principles: They pretended Ba 
to be in poſſeſſion of the art of tranſmutation, the un- Sey, 
verſal ſcience, the univerlal medicine, and the ſcience an 
of occult things, &c: = 
2. A wandering fellow, named Alexander Sethol __ 
or Sidon, who is ſaid to have performed the work ol F Fei 
tranſmutation in Holland, in the preſence of a pero i 


ef the name of Hauſſen: Hauſſen related the fact u 
Vandel 
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name, who collected a medical library: 
3. Another named Thomas Vaughan, born in Eng- 
land in 1612. He. went to America, where Starkey 


aw and received gold from him. Boyle correſponded 
w with him. This is the ſame adept who, in France, gave 
1 his powder of projection to Helvetius. The latter, in con- 
1 ſequence of this pretended miracle, which was nothing 
8. but a trick, wrote a diſſertation De Vitulo aureo, &c. 
* Yet the ſucceſs with which Paracelſus had preſcribed 
* his chemical medicines, induced a number of phyſicians 
to cultivate that new art; and in a ſhort time ſeveral 
He f 8 
1 valuable works appeared on the preparation of- chemical 
10 medicines. Such are the works of Crollius, Schroder, 
Lwelfer, Glaſer, Tackenius, Lemery, &c.; as well as 
F the pharmacopceiz publiſhed by the principal faculties 
4 of medicine in Europe. About this time Glauber, a 


German chemiſt, rendered an important ſervice to his 
art, by examining the reſidues of operations, which 
had hitherto been always thrown aſide as uſcleſs, and 
diſtinguiſhed by the name of caput mortuum, or terra 
damnata. He diſcovered by this means the neutral 
ſalt which bears his name, and the ammoniacal vitrio- 
lic ſalt, and explained the chemical proceſſes neceſſary 
in preparing mineral acids, &c. 

Several of thoſe who have contributed to the ad- 
vancement of chemiſtry fince the days of Paracelſus, 
were not fully convinced of the abſurdity of his wild 
notions, Among theſe were Caſſius, known for his 
precipitate of gold ; Sir Kenelm Digby, who believed 
in the ſympathetic action of medicines ; Libavius, who 


a | | | 
au communicated his name to a preparation of tin; 
ande Van 


Vander Linden, grandfather to the phyſician of that 
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5 Van Helmont famous for his fingular notions both iq 
chemiſtry and medicine; and, laſtly, Borrichius 
Daniſh phyſician and chemiſt, who firſt diſcovered and 


made known to the world the poſſibility and the man. lofof 
ner of inflaming oils with the nitrous acid, and why is th 
deſerves the gratitude and reſpect of the world for h. WW who 
ving bequeathed his library and chemical laboratory u kno! 
the uſe of indigent ſtudents of medicine. By 
Alchemy was now oppoſed by two celebrated ge. eien 
niuſes, who were ſucceſsful in their attacks. The one, ed b 
the celebrated Father Kircher the Jeſuit, to whom we WW book 
are indebted for a noble work, intitled Mundus Subter. Jo 
raneus ; the other, the learned Conringius. rable 
5 Bava 

V. as to 


Riſe and Progreſs of philoſophical Chemiſtry, from the * be 
middle of the ſeventeenth to the middle of the eighteenth inritl 


Century. chem 
| ſcribe 


Htrurxkro chemiſtry had never been treated in «Mi forets 
philoſophical manner. The chemical arts had indeed celliv 
been deſcribed, medical formulæ had been given, and of ae 
the nature of metals painfully examined, in the hops WF reduc 
of making gold, or diſcovering an univerſal medicine: A ce 
A chimera till fondly believed by the ignorant au menc: 


enthuſiaſtic ! But nothing more had been done. AMY *nnal: 
great number of chemical facts were known ; but nom ing a 
had attempted to form them into a ſyſtem : And, Vas be 
the celebrated Macquer has ingeniouſly obſerved, 8 ok t 
though many branches of chemiſtry were known am try. 

cularl 


practiſed, the ſcience itſelf was not yet in exiſtence. 
Towards the middle of the ſeventeenth century, 
Jam? 


exite; 
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James Barner, phyſician to the King of Poland, arrang- 
ed the principal facts then known, in a methodical man- 
ner, accompanying them with obſervations, in his Phi- 
loophy of Chemiſtry. The work of that learned author 
is the more valuable, on account of his being the firſt 
ha. who attempted to form a complete ſyſtem of chemical 
knowledge, and ranked chemiſtry among the ſciences. 
Bohnius, profeſſor at Leipſic, wrote alſo a book on 
ge. ſcientific chemiſtry, which was very favourably receiv- 
ne, ed by the world, and was long the only elementary 
we book on the ſubject. 
ere Joachim Beccher of Spires, a man of very conſide- 
rable genius, phyſician to the Electors of Mentz and 
Bavaria, diſtinguiſhed himſelf ſo highly in this ſcience 
as to cauſe the names of the two laſt mentioned writers 
bs be almoſt entirely forgotten. In his noble work, 
intitled Phyſica ſubterranea, he has collected all the 
chemical phenomena at that time known, and has de- 
ſeribed them with amazing accuracy. He has even 
n foretold many of the diſcoveries which have been ſuc- 
cel WY ceſſively made fince he wrote; ſuch as the exiſtence 
and of aeriform or gazeous ſubſtances ; the poſſibility of 
zps reducing animal bones into a tranſparent glaſs, &e. 
ne: A celebrated phyſician, whoſe name marks the com- 
aul mencement of a new and more illuſtrious æra in the 
AB 2nnals of chemiſtry, has done him the honour of writ. 
zone ing a commentary on his work. J. Erneſt Stahl, who 
„ vas born with a natural fondneſs for chemiſtry, under. 
rech took to illuſtrate the doctrine of Beccher by a commen- 
an try. His favourite object, to which he more parti- 
e. cularly directed his attention, was to demonſtrate the 
ur, eniſtence of that inflammable earth which he denomi- 
une a nated 


and intitle him to the gratitude of poſterity. 
{ 
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nated Phlogiſton. Not inferior to Beccher in geniy 
he excelled him in accuracy and method. His treatiſy 
on ſulphur and ſalts, together with that which is intitly 


Trecenta Experimenta, have acquired him immon 
| honour, and have ranked him among the firſt char. 


ters of the age in which he appeared. 
Boerhaave, amid his various engagements, found le 
ſure to cultivate chemiſtry, and compoſed a very pm 


found work on this ſcience, which has long been hbighlf 


celebrated, The treatiſes on the four elements, part 


cularly that on fire, which form a part of this work, ax 


each of them maſterpieces, containing all that was 
that time known on their particular ſubjects. He wa 
alſo the firſt who attempted to analyſe vegetables; and 
to him we owe the ſpiritus rector, &c, , 

Stahl's theory has been generally adopted by ſus 
ceeding chemiſts, and has acquired greater ftabiliy 
from the labours of the two illuſtrious brothers Meſſy 
Rouelle, to whom we are chiefly indebted for the pn 
greſs which chemiſtry has made in France, and whol 
loſs is ſeverely felt by the chemical world. 

The illuſtrious Macquer, of whom death has noy 
deprived the philoſophical world, contributed in a ven 
ſignal manner to the advancement of the ſcience; 2 
His valuable works are ſtill juſtly eſteemed, over al 
Europe, as the beſt guides to chemical knowledge 
Beſide the important ſervices which he performed 
the world, by publiſhing his Dictionary and Elemen! 
ok-Chemiſtry, his inquiries and diſcoveries concervily 
the nature of arſenic, P:uſlian blue, the dyeing of filk 
clays for pottery, &c. might well immortalize his nam 
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VI. 
Pneumatic Chemiſtry : the preſent Time. 


STanr, being wholly engaged in demonſtrating the 
exiſtence of phlogiſton, and tracing it through all its 
le combinations with other bodies, ſeems to have over- 
pr oked the influence of air in moſt of thoſe phenomena f 
Sl WF; which he aſcribes ſo much to the energy of the in- 
are mmable principle. Boyle and Hales had already 
down the neceſſity of referring many chemical pheno- 
5 Wmena to the operation of that fluid. Boyle had taken 
"*BWrotice of the difference of the appearances which tlie 
ſame chemical events exhibit in the open air and in va- 
uo. Hales had obtained from a variety of bodies a fluid 
which he took for air, but in which he obſerved a num 
her of peculiar properties; ſuch as ſmell, inflamma- 
bility, &c.” according to the nature of the ſubſtances 


ſuc 
ili 


efln 


Ve Wrom which it was obtained. He was led to conſider 
noo. s the principle on which the confiſtency and ſolidi- 

ty of bodies depended, | 
0" Dr Prieſtley, by repeating a great part of Hales's 6 
"BW :periments, diſcovered a number of fluids, which, | 
* hough they have the appearance of air, yet differ from | 
gin all their eſſential properties: and, in particular, | 
em metallic calces he extracted a ſpecies much purer 


han atmoſpheric air. 

M. Bayen, a chemiſt deſervedly celebrated for the 
Iccuracy of his reſearches, examined the calces of mer- 
ury, and found that they are reducible without phlo- 
piſton, and that during the proceſs they emit an aErt- 
orm fluid in great abundance. 


Vor, I, CG M, 
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M. Lavoiſier, ſoon after this, diſcovered, and proyef 
by a number of fine experiments, that in the proceh 
of burning or calcination, a portion of the air alwayy 
enters info combination with the body which is cal. 
cined or burnt. In conſequence. of this diſcovery, he 
formed a ſect of chemiſts who agreed with him in 
doubting the exiſtence of phlogi/ion, and aſcribed to 
the fixation or the diſengagement of air all thoſe phe. 
nomena which Stahl had referred to the feparation or 
the combination of phlogi/ton. It muſt be granted, 
that this doctrine has been more fully demonſtrated 
than Stahl's; and that it agrees better with that ac. 
curacy and method which have of late been introdu- 
ced into the ſtudy of natural philoſophy. In this light 
did it appear to the late M. Bucquet, who 1n his two 
or three laſt courſes of lectures ſeemed to give it the 

preference. The moſt prudent part on this occaſion 
certainly was, to wait till it could be determined by a 
greater number of facts, whether all the phenomena of 
chemiſtry might be explained by the theory of gaſes 
without our having recourſe to phiogiſton. M. Mac- 
quer, ſenſible that a conſiderable revolution muſt ne- 
ceſſary take place in the ſyſtem of chemiſtry in con. 
ſequence of theſe diſcoveries, but thinking it impoſſible 
to account for all the phenomena without admitting 
the preſence of an inflammable principle, ſubſtituted 
light in the room of phlogi/ton; as the exiſtence of the 
latter had never been ſtrictly demonſtrated, while the 
influence of light on many chemical phenomena 1 
well known and undeniable fact. 

Since the death of that celebrated chemiſt, the ſcience 
has been enriched with a variety of diſcoveries, al 
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tending to confirm the new theory. The multitude 
of facts which I have been collecting during a period 
of twelve years, and the number of the experiments of 
other chemilts, which, on a repetition of them, I have 
found to be attended with the ſame reſults, have finally 
convince; me of the juſtneſs of that theory, and have 
led me to conſider thoſe naturaliſts who ſtill continue to 
maintain, with more or leſs keenneſs, the exiſtence of 
pblog:flon, as either unſkilled in the ſcience, or inca- 
pable of accuracy 1n their experiments, 


C 2 CHAP: 


. 


Concerning the Chemical * or Afinities. 


N the firſt chapter it was obſerved, that the mean 
uſed in performing chemical operations, which han 
been arranged under the two general heads of Analyli 
and Syntheſis, are (imitated from Nature, who employ 
them in her operations. To illuſtrate that truth, we 
ſhall here explain what is underſtood by the chemicd 
aflinities, | 
A perſon cannot even enter upon the ſtudy of nz 
ture, without taking notice of that wonderful mutui 
force by which all natural bodies are attracted toward 
each other. On this great and univerſal law, all thok 
phenomena depend which the philoſopher contemplats 
with curioſity, and which even the muſt ignorant d 
men cannot behold without admiration, 

This force, by which indeed the order of the u 
verle is maintained, actuates the mott minute bodies a 
well as the moſt enormous maſſes of matter. Butt 
acts by laws, either eſſentially different, or at lea 
differently modified, according to the maſs, conſiſtenq 


and diſtances, of the bodies ſubject to its influenc 


Without examining its effects on the planetary bod 
whoſe dittances and motions it regulates; let us cok 
ſider in what manner it affects the different parts8 
the globe which we inhabit, that we may by WW 
means dilcover its laws. 
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Natural philoſophy teaches, that when two ſolid bo- 
dies of the ſame kind come into contact, they adhere 
together with a degree of force proportioned to the ex- 
tent of ſmoothneſs of the ſurfaces in contact. Thus, 
two planes of glaſs, or two ſections of a ball of metal, 
if preſſed together, unite with a degree of tenacity 
which renders a conſiderable effort neceſſary to ſeparate 
them. This force produces all the phenomena obſer- 
ved in chemiſtry, It becomes, therefore, an object of 
the higheſt importance to ſtudy all its laws, and in- 
quire what variations it undergoes from diverſity of cir- 
cumſtances. 

The greater part of chemiſts have denominated this 
force affinity or relation; becauſe it has been thought 
to depend on an analogy or contormity of principles in 
the bodies between which it ſubſiſts. Bergman has giv- 
en it the name of chemical attrattion : and though its 
phenomena are different from thoſe of the planetary 
attraction firſt obſerved by Newton, yet, as both de- 
pend upon the ſame principle, we ſhall follow Berg- 
man in the uſe of the name. Chemical attraction may 
take place between bodies of the ſame nature ; or be- 
tween bodies of different natures. Let us conſider it 


under theſe two points of view. 


CI. Concerning the Attraction or Affinity that takes 
place between Bodies of the ſame Kind, or the affinity 
of Aggregation, | 


HEN two bodies of the ſame nature, for inſtance 

two globules of mercury, placed at a certain 
dittance from each other, tend, by virtue of this force, 
C 3 to 
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to unite, and do actually enter into union, they forms 
ſphere greater in bulk, but preciſely the ſame in nature 
In that event, therefore, this force affects only the phy. 

ical, or obviouſly apparent qualities of bodies; it join 
ſeparate portions of ſimilar matter; by confounding u 
gether ſeveral diſtin maſſes, it forms a body of great 
bulk, and unites a number of ſeparate parts into ons 
whole, It is denominated the attraction or afinity of 
aggregation, in order to diſtinguiſh it from that which 
takes place between bodies of different natures. It pm 
duces an aggregate in which the phyſical qualities 
the bodies united undergo a new modification, with. 
out any ſenſible change being produced in their chemi. 
cal qualities. The aggregate is nothing more than a c 
herent body, the parts of which are retained in union 
by the force of aggregation, It muſt be diſtinguiſhed 
from the maſs called an heap ; for though an heap con: 
fiſt of parts all of a ſimilar nature, yet thoſe parts ar 
diſpoſed looſely, and without coherence. Alt is likewiſe 
to be diſtinguiſhed from a mixture ; ah conſiſts of 
quantity of diſſimilar particles blended together with 
out adherence. This may be farther explained by1 
familiar example : Flowers of ſulphur, or ſulphur in 
powder, whote parts have no adhefion, and may be ſe 
parated by the ſlighteſt effort, compoſe an heap, the 
parts of which are not affected by the aflinity of agg 
gation. This mixed with another heap, with one fot 
inſtance conliſting of nitre in powder, gives what is cal 
led a mixture by confuſion. But if, by the help of fu 
ſion and cooling, you ſubje this heap to the power 0 
aggregation, the molecules or integrant parts of the 
ſulphur will then be drawn towards each other during 
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is liquefaction, and will mix and unite in ſuch a man- 
ner as to form, when cooled, an uniform mafs or ſolid, 
which will be a true aggregate. 


degrees, which are meaſurable by the effort neceſlary to 
ſeparate the integrant parts of any aggregate body. 
We ſhall diſtinguiſh aggregates into four kinds, under 
which all the bodies in nature may be arranged. 

1. The firſt is the hard or ſolid aggregate, in which 
the integrant parts are united by a very conſiderable 
force, and cannot be ſeparated without great exertion. 


frais genus comprehends many ſpecies or degrees, from 


the hardneſs of the precious ſtones and of rock-cryſtal, 
to the yielding contexture of the ſofteſt wood. Its pe- 
euliar characteriſtic is to form a maſs, the conſtituent 
parts of which cannot ſuffer any diſcernible motion 
without being divided. 

2. Bodies whoſe conſtitnent varts may be eaſily 


c++ 


moved backwards and forwards, fo as to change their 
relative ſituation, without being ſeparated, belong to 
the ſoft aggregate. Leſs force is requiſite to maintain 
the coheſion of a ſoft body than to preſerve the con- 
liſtency of a ſolid aggregate; and leſs reaction to de- 
ſtroy it. 

3. The fluid aggregate. Its integrant parts are ſo 
ſlightly united, that the gentleſt effort is ſufficient not 
only to change their relative ſituation, but even to di- 
diride them into diſtinct globules. 

4. Laſtly, the aeriform aggregate, the tenuity of 
Whoſe integrant particles renders them imperceptible, 
and in which the affinity of aggregation is the leaſt 

C 4 poſſible. 
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The force or affinity of aggregation exiſts in various 
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poſſible. The air of the atmoſphere affords an exam. As the 
ple of this. depend 
Theſe four kinds of aggregate are, properly ſpeaking, phenome 
but different degrees of the ſame force: but it is abſ tion to e 
lutely neceſſary to diſtinguiſh them accurately from ones. Whats whi 
nother; becauſe they have an important influence on the atio of 
operations and phenomena of chemiſtry, which is diver, Mchemiſt t 
fied according to their differences: yet it may be prov. iſto effect: 
ed in the moſt ſatisfactory manner, that they are only attractive 
ſo many different degrees of the ſame force ; for many 
bodies are capable of aſſuming each of theſe four ftates 
ſucceſſively. Water, in the form of ice, is a ſolid ape 
gregate ; its hardneſs is greater in proportion as its tem 
perature is lower; when expoſed to the temperature of 
329 Fahrenheit, it aſſumes a kind of ſoftneſs * before 
paſſing into a fluid ſtate. Its exiſtence in this laſt late 
1s univerſally known : and philoſophers have calculated 
what degree of expanliye force is neceſſary to reduceit 


K „44 4 


ww »«,g0Ur ; in which ſtate it hecomes an a&ritorm age 
gregate. Metals, greaſe, concrete oils, wax, &. maj 
be in the ſame manner made to paſs through theſe {t- 
veral ſtates of aggregation. 

The more particularly any perſon is acquainted with 
the laws of chemical attraction, ſo much the more wil 
he be convinced of the importance of diſtinguiſhigz 
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between theſe ſeveral kinds of aggregation, and eie ſulcep 
mating each of them aright. Accurate ideas concern entionec 
ing each of them are eſſentially neceſſary to enable wlWperly und, 

ds does all; 


to compare this with the ſecond ſpecies of chemical & 


traction, which will come next to be examined, As art 


teract, a 
it like wiſe 


* A doubt expreſſed by the tranſlator of the ſecond edition, ide 
ced me to repcat this experiment; and I found that M. Fourcto l 
by no means miſrepreſented the fact.— H. 
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As theſe two kinds of affinity, though they appear to 
depend on the ſame cauſe or principle, yet in all the 
phenomena of chemiſtry ſeem to act in direct oppoſi- 
tion to each other (for it may even be inferred from 
facts which ſhall be related, that they are in the inyerſe 
ratio of each other), it is abſolutely neceſſary for the 
chemiſt to weaken or deſtroy the one, when he wiſhes 
to effect any operation by means of the other. Now, the 
attractive force of which we have been ſpeaking, is al- 
moſt always that which he has occaſion to diminiſh ; 
and it like wiſe admits of various modifications by the 
power of art. 1 

All that is neceſſary to deſtroy or weaken the affiai- 
y of aggregation, is, to oppole to the coheſion of the 
aggregate an external force more than ſuſficient ta 
counterbalance that which preſerves the union of. its 
omponent parts; and the external force applied muſt 
therefore be proportioned to the coheſion of the parts, 
his is the great law to be always obſerved in the pre: 
paratory operations; the ſole purpoſe of which is to deſ- 
roy the affinity of aggregation, Pulverization, grind- 
ing, raſping, filing, and cutting, are ſo many means 
or counteracting the cohe ſion of bodies and dividing 
heir conſtituent parts. Heat and eyaporation produce 
he ſame effets on fluids, and on thoſe ſolids which 
Ware ſuſceptible of dilatation or fuſion. But thele laſt 
mentioned operations being effected by heat, come pro- 
perly under the ſecond ſpecies of chemical attraction 
xs does alſo the ſolution of bodies by water. 

As art can apply a great variety of means to coun- 
eract, and even deſtroy the fore of aggregation ; ſo 
it likewiſe affords others to reſtore it, and cauſe it to 


— 


act 
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act with all its former energy. All the manipulation 
which it employs for this purpoſe, confift in placing 
the bodies, whoſe force of aggregation is to be reſtored 
in ſuch a ſtate of diviſion and fluidity, that their Par. 
ticles may be at liberty to obey the power of attra. 
tion, by applying to each other thoſe of their ſurfacy 
which are beſt adapted fo unite ; and they thus formt 
new aggregate, which, in regularity of figure and es 
heſive force, is generally equal, and ſometimes ſups. 
rior, to natural aggregates of the fame kind. We may 
take this opportunity to obſerve, that all aggregate by 
dies may be divided by their figure into two claſſes, Re. 
gular and Irregular. Every body in nature appears pi. 
der the one or the other of theſe two forms; and at 
which always emulates, and ſometimes even rivals, ne 
ture, can produce at pleaſure a regular or an irregular 
agzregate. All ſubſtances capable of paſſing through 
the ſcveral ſtates of aggregation above enumerated, but 
more eſpecially ſalts and metals, may be ſo managed 
during the proceſs by which they are reduced from! 
fluid to a Hlid ſtate, as to aſſume the form either of u 
irregular maſs, or of a body with regular lines, angles 
and ſurtaces, which is called a cryſtal. The firſt form 
1s obtained by keeping the particles of the fluid body, 
whether its fluidity may have been occafioned by firs 
or water, very near to each other; and cauſing the 
quefaction to ceaſe ſuddenly, ſo that they may come i- 
to contact all at once, and the affiuity of aggregatiol 
But, 0 
the contrary, to produce cryflalliſation, it is neceſlay 
to keep the parts of the body which you wiſh to bring 
into that ſtate, at as great a diſtance as poſſible fra 
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ane another, that they may remain for ſome time in a 
tind of equilibrium, before coming into union, and 
may preſent to each other ſuch of their ſurfaces as are 
beſt adapted to unite. From this it appears, that cry- 
ſtalliſation is entirely owing to the affinity of aggrega- 
tion; and if the phenomena of cryſtalliſation be obſer. 
ved with a proper degree of attention, they will afford 
an idea of the manner in which the affinity of aggrega- 
tion acts. For this purpoſe it is mentioned here: it will 
be more particularly explained under ſeveral future ar- 
ticles of this work. 


II. Concerning that Species of Chemical Attraction 
which unites particles of different Natures ; or the 


Affinity of Compoſition. 


Warn two bodies differing in nature have a ten- 
dency to unite, they enter into combination by virtue 
pf a power ſomewhat different from that which we 
have been cogfidering : it has been denominated the 
affinity of compoſition ; but may be with more -propriety 
named the attraction of compoſition. This ſpecies of 
attraction or affinity is of ſtill greater importance than 
he former, as it aQs in all chemical operations, and 
one of theſe can be explained without it. The ex- 
tence of this power has been always known; but it 
vas not obſerved with the attention which it juſtly 
erits, till ſuch time as it appeared to affect the prac- 
ice no leſs than the theory of the ſcience of which we 
re treating. A knowledge of this affinity is eſſenti- 
A neceſſary to direct the practitioner who purſues a 
ain of experiments, as well as the philoſopher who 
collects 


44 Chemical Afiinities, 


collects and compares facts. This is the compaſs by 
which both muſt ſteer; and it may be affirmed, thy 
whoever is well acquainted with the laws of chemicy 
attraction, is acquainted with the extent and ſublim 
ty of the ſcience. 

Convinced of this truth, we mall oy make it ou 
buſineſs, firſt, to exhibit faithfully all the facts whid 
can ſerve to illuſtrate the nature of this affinity; and 
next, to give an account of thoſe hypotheles which 
have been formed to explain its cauſe. 

Obſervation, the parent not only of chemiſtry bu 
of all experimental ſcience, has ſhown, that the attne 
tion, or affinity of compoſition, preſents certain inn 
riable phenomena; which may be conſidered as layt 
eſtabliſhed by nature, and which can eſcape the obſer 
vation of none but ſuch as are incapable of examining 
them with due attention. Theſe laws, founded on 
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vaſt variety of well-eſtabliſhed facts, may be reduced 33 
to eight; which are as follows, knowled 
| | tion, bec 
I. Firſt Law of the Attraction of Campeſition. head, ha 
Into. con 
The attraction, or affinity of compoſition, cannot ad l lation, oz 
between bodies of different natures, nion to 
5 | extent of 
This firſt law is invariable, and admits of no excefings eve. 
tions. That two bodies may combine, and form ve cannc 
compound, it is indiſpenſibly neceſſary for them io Mubour 5 
different in kind. Join two bodies of the ſame natuꝶ te fro 
and you form only an aggregate, of which the bulk extreme! 
extent are enlarged, but its eſſential properties remand. 
unaltered ; and their union is occaſioned and preſer*M:1.. woſt 


b 
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dy the affinity of aggregation, conformably to the ex- 
planation already given of the nature of that affinity. 
Thus, two pieces of wax, roſin, or ſulphur, may be 
united by the action of heat; and this inſtance is ſuſh- 
cient to explain the difference between aggregation and 
compoſition. 

This law holds fo invariably, that the attraction of 
compoſition 1s never ſtronger than when the bodies be- 
tween which it acts are, in nature, the moſt effentially 
different from one another. Thus acid ſalts and alka- 
lis, though the properties of the one are directly oppo- 
te to thoſe bf the other, enter into the moſt intimate 
mutual combination, and form the moſt perfect com- 
pound. The ſame oppoſition ſubſiſts between the proper- 
ties of alkalis and ſulphur, of acid ſalts and oil, of acids 
and metals, of water and ſpirit of wine, &c.; all which 
ſubſtances have a ſtrong tendency to mutual union. 

It is the more neceſſary for us to gain an accurate 
knowledge of this great law of the allinity of compoſi- 
tion, becauſe a number of chemitts, with Stahl at their 
head, have laboured to prove, that bodies never enter 
into combination, but in conſequence of a certain re- 
lation, or reſemblance between their properties: an opi- 
nion to which no perfon will agree who knows the full 
extent of this primary law, When reading the reaſon- 
ings even of the moſt eminent chemiſts on this ſubject, 
we cannot avoid obſerving, that the relations which they 
labour to point out between thoſe ſubſtances which have 
the ſtrongeſt tendency to mutual union, appear always 
extremely remote ; and that, by the ſame means, re- 
ſemblances might be eaſily found out between bodies 
e moſt dilimilar, It is eaſy to ſee, however, that theſe 

ingenious 
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ingenious men have propoſed this theory, merely from; 
defire to ſimplify and illuſtrate the doctrine of chemicg. 
attractions: and thoſe who are ſenſible of the difficulty 
of eitabliſhing ſyſtems in any of the departments of hy. 
man knowledge, will always conſider them as entitle 
to the gratitude of every friend of ſcience. Their laboun 
have not been without their ule, as they have college 
a number of facts, and pointed out their conneQtion; 
But a regard to truth, which it becomes us to prefer tg 
every other conſideration, obliges us to confeſs our igno- 
rance of the cauſe of this important phenomenon, in 
ſtead of referring it to an analogy, the exiſtence d 
which is inconſiſtent with thoſe ideas of the properties 
of bodies which we derive trom experiment. 


II. Second Law of the Attraction of Compoſition. 


The attraction of compoſition acta only between the n 
nuteſt particles of bodies. | 


Ix order to form a juſt idea of the nature of this lay, 
it is neceſſary for us to diſtinguiſh chemical from phy: 
ſical ſubjets. Theſe laſt are bodies whoſe externi 
qualities, ſuch as weight, bulk, ſurface, extent, and f. 
gure, are perceptible to our ſenſes, and may be eſtims 
ted by their effects upon them. Aggregates are the be 
dies whole qualities are obſerved and compared by tit 
naturaliſt. Chemical ſubjects, again, are ſubſtance 
which have loſt their aggregation ; and which, of colk 
ſequence, no longer preſent to the ſenſes the phyſical 
properties of aggregates. They are minute particles 
the extent of which cannot be meaſured, nor their bulk 
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en reduced to this ſtate of tenuity by the ſeveral pre- 
aratory operations above-mentioned, that they become 
abject to the affinity of of compoſition; and the chemiſt 
annot cauſe them to enter into combination, without 
reſenting them to one another in a ſtate of diviſidn. 
his force ſęe ins to actuate none but the minuteſt par- 
cles of bodies: and in this manner does the attraction 
f compoſition appear to differ from that which acts be- 
ween large maſſes of matter. The difference is ſtill 
ore ſtriking when we conſider the conſtant oppoſition * 
ketween the attraction of aggregation and that of com- 
jofition, This oppoſition is ſo invariable, that we may 
ren yenture to advance it as a chemical axiom, that the 
traction of combination is in the inverſe ratio of that 
f aggregation; theſe two forces being always in oppo- 
tion, and forming a kind of counterpoiſe to each other. 
he attraction of aggregation always reſiſts the combi- 
ation of different bodies; where it acts with the great- 
force, they have ſcarce any tend 2ncy to mutual u- 
ion; and again ſuch ſubſtances as are the leaſt under 
be influence of the force of aggregation, have a ſtrong 
ndency to combine with others. The various kinds 
pas, or air, for inſtance, of all known ſubſtances are the 
alt under the influence of the force of aggregation; and 
them there are many whoſe tendency to combination 
lo ſtrong, that they combine with the greateſt facility 
th almoſt any natural body. Yet we ſhall afterwards 
e that this happens only when the heat which enters 
o the compolition of elaſtic fluids is but ſlightly combi- 
ed with a baſe; and that the aeriform ſtate often occa- 
us a contrary tendency ; as for inſtance, in pure air. 


III. 


4 


or eight, for inſtance; but with ſuch we are hithem 
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III. Third Law of the Attraction ef Compaſition, 


The attraction of compoſition can unite more bodies thy 
to. 


Tuis law of chemical atttaction is one of thoſe whi 
have been eſtabliſhed by the feweſt obſervations; an 
we are ſtill but very imperfectly aquainted with its ex 
tent. We are acquainted with a vaſt variety of tho 
combinations which are produced by the union of ta 
bodies; with a few which are formed by the union g 
three bodies; but we know of ſcarce any inſtances i 
which four different bodies have an equal tendency i 
enter into mutual combination, and remain in this ſtate 
Metals are the only bodies that are known to be caps 
ble of this laſt ſpecies of combination; and of whith 
two, three, or four, may be effectually blended toꝶ 
ther. It is highly probable that there are in natu 
combinations made up of more than four bodies, of it 


unacquainted. Ihe reaſon why ſo little progrels bs 
been made in the ſtudy of this law, ſhall be explained 
when we come to treat of the eighth law of the affiniy 
of compoſition. The number of the ſubſtances of whidl 
any compoſition conſiſts is denoted by ſaying, the al 
nity of one, two, three, or four bodies, and ſo on. Ti 
rapid progreſs which chemiſtry has of late begun i 
make, the multiplicity of its reſearches, the variehj 
the objects to which theſe are directed, and the ſeꝶ 
pulous accuracy of obſervation with which they are co 
ducted, afford us reaſon to hope that thoſe affinits 


which are named complex will ſoon be better known. 
Iv 


That 


Tuts 
deen lo 
if fine 
own {| 
mutual 

trongefl 
Dion till 
0a fluic 
vith moi 
ein a 
dt leſs ay 
nter int 
be ſalin 
ras and t 
Thoug 
on with 
tances, ri 
her with 
ompoun. 
Kali, wh 
late wit! 
llewhere 
he reduQ 
(cles by 
phere at 
Ave a cc 


Vo. I. 


% 


' * Affinity of Compoſition. 45 


IV. Fourth Law of the Affinity of Compoſition. 


That the affinity of compoſition may take place between” 
50 bodies, at leaſt one of the two muſt be in a fluid flate. \ 


Tuts law has been long known to chemiſts, and has 
been long expreſſed in this axiom, Corpora non agunt, 
pf fint ſoluta. Uniform and accurate obſervation has 

own that two ſolid ſubſtances can never enter into 
mutual combination. Even bodies which have the 
trongefl tendency. to unite, cannot be brought into u- 
jon till either the one or the other of them be reduced 
oa fluid aggregate, Bodies enter into combination 
vith more or leſs facility, according as they are more or 
es in a ſtate of fluidity, and conſequently poſſeſs more 
t leſs aggregative force: and therefore no two bodies 
nter into combination with ſuch rapidity as any twoof 
he ſaline atriform fluids; for inſtance the muriatic acid 
ras and the alkaline gas. | 

Though no two ſolid bodies can enter into combina- 
ea with each other; yet in ſome inſtances dry ſub- / 
ces, reduced into a fine powder, re- act upon each o- 
er with ſo much energy, as to unite and form a, new 
enpound. Thus I have diſcovered that cauſtic fixed 
aal, when reduced by trituration, unites in a cold dry 
ie with ſulphur, antimony, and kermes, as I ſhall 
lewhere more particularly relate: but in this inſtance, 
he reduction of the bodies into their moſt minute par- 
icles by pulverization, and the moifture of the atmo- 
here attracted by the ſalt, which ſoon deliquates, 
re a conſiderable ſhare in effecting the combination; 
Vol. I. D N and 
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III. 2577 Law of the Attraction ef Compo f 


IV 

The attraction of compoſition can unite more bodie That 
Tao. v0 bod! 
Tuis law of chemical atttaction is one of thoſe hid Tuts 
have been eſtabliſhed by the feweſt obſervations; A een lo! 
we are ſtill but very imperfectly aquainted with its exif #n: 
tent. We are acquainted with a vaſt variety of town t 
combinations which are produced by the union of tua! 
bodies; with a few which are formed by the union ftongeſl 
three bodies; but we know of ſcarce any inſtances on till 
which four different bodies have an equal tendeney wo fluid 
enter into mutual combination, and remain in this ut Dith mor 
Metals are the only bodies that are known to be ce in af 
ble of this laſt ſpecies of combination; and of wid !els ag 
two, three, or four, may be effeually blended tog nter inte 
ther. It is highly probable that there are in natu de ſaline 
combinations made up of more than four bodies, of and t. 
or eight, for inſtance; but with ſuch we are hitches Thoug 
unacquainted. The reaſon why ſo little progreſs en with 
been made in the ſtudy of this law, ſhall be explainepances, re 
when we come to treat of the eighth law of he affinin{ſ"cr with 
of compoſition. The number of the ſubſtances of w empoun 
any compoſition conſiſts is denoted by ſaying, the A Kali, wh 
nity of one, two, three, or four bodies, and ſo on. te with 
rapid progreſs which chemiſtry has of late begun M lewhere 
make, the multiplicity of its reſearches, the varie he reduct 
the objects to which theſe are directed, and the ic (cles by 
pulous accuracy of obſervation with which they are co phere att 
ducted, afford us reaſon to hope that thoſe afliniuß ve a cor 
Vox. I. 


which are named complex will ſoon be better known. 
Il 
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IV. Fourth Law of the Affinity of Compoſition. 


That the affinity of compoſition may take place between 
20 bodies, at leaſt one of the two muſt be in a fluid flate. . 


Tuts law has been long known to chemiſts, and has 
deen long expreſſed in this axiom, Corpora non agunt, 
U fint ſoluta. Uniform and accurate obſervation has 
own that two ſolid ſubſtances can never enter into 
nutual combination. Even bodies which have the 
trongefl tendency. to unite, cannot be brought into u- 
Pion till either the one or the other of them be reduced 
oa fluid aggregate. Bodies enter into combination 
with more or leſs facility, according as they are more or 
eſs in a ftate of fluidity, and conſequently poſſeſs more 
r leſs aggregative force: and therefore no two bodies 
nter into combination with ſuch rapidity as any twoof 
be ſaline a&riform fluids; for inſtance the muriatic acid 
das and the alkaline gas. 
Though no two ſolid bodies can enter into combina- 
on with each other; yet in ſome inſtances dry ſub- 
tances, reduced into a fine powder, re- act upon each o- 
her with ſo much energy, as to unite and form a new 
ompound. Thus I have diſcovered that cauſtic fixed 
Kali, when reduced by trituration, unites in a cold dry 
tate with ſulphur, antimony, and kermes, as I ſhall 
lebere more particularly relate: but in this inſtance, 
ee reduction of the bodies into their moſt minute par- 
cles by pulverization, and the moifture of the atmo- 
phere attracted by the ſalt, which ſoon deliquates, 
ave a conſiderable ſhare in effecting the combination; 
Vol. I. D VE and 7 
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and indeed bring this phenomenon under the lay, 
which we are now engaged in examining. ' 
But it is not always neceſſary that the bodies which 


you wiſh to combine be both fluids; it is enough that 


one of them be in that ſtate. When they unite, a phe. 
nomenon takes place, to which chemiſts have given the 
name of ſolution. It conſiſts in the attenuation, diyiſion, 
and entice deſtruction of the ſolid body in contact with 
the fluid. The cauſe of this phenomenon is, that the 
attraction of combination between two ſubſtances, one 
of which is a liquid, the other a ſolid, ſuch as the ſul. 
phureous acid, and a bit of calcareous ſpar, 1s ſtronger 
than the aggregative force which preſerves the particle 
of the ſolid in excluſive union with one another. Noy 
ſince, by the third law, this ſpecies of attraction cannt 
act but on the moſt minute particles of bodies, the ſpat 
muſt neceſſarily loſe its aggregation, and be reduced i. 
to very ſmall particles, in order that it may combine 
with the ſulphuric acid, and form calcareous ſulfate, 
Formerly; chemiſts always diſtinguiſhed between the bo. 
dy which effected and that which ſuffered the act of ſolu- 
tion: the former was the fluid, the latter the ſolid. But 
modern chemiſts refuſe to admit this diſtinction, as it 
ſuppoſes a force in the fluid ſuperior to what exiſts in the 
ſolid aggregate. M. Gellert was the firſt who obſerved 
that the two bodies contribute equally to the act of is 
lution ; and that in the above inſtance, the vitriolic acid 
could not deſtroy the aggregation of the ſpar, had nd 
The ſpar a tendency to unite with the ſulphuric acid 00 
leſs ſtrong than that of the acid to combine with it. The 
name /5{vent, therefore, given at preſent to fluids, is 0 


ſtrictly chemical, as it conveys only the idea of a me- 
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chanical operation; and it were better to lay it aſide. 
But ſince it has been unluckily introduced, the ſtudent 
ol chemiſtry muſt always remember, that when one bo- 
dy is aid to diſſolve another, no more is meant than that 
the former is in a fluid ſtate, and that the fluid can never 
poſſeſs greater activity or energy than the ſolid; but the 
ſolid may rather be conſidered as poſſeſſing theſe qualities 
in a ſuperior degree, fince its tendency to combination 
is ſo powerful as to overcome its aggregative force. 
The falſe idea of ſolution which has prevailed till 

of late, aroſe no doubt from the mechanical theory by 
which ſome philoſophical chemiſts have ſought to ex- 
plain this operation of nature. This theory, which ap- 
pears in every page of Lemery's chemiſtry, conſiſts in 
conſidering the ſolvent, an acid, for inſtance, as an aſ- 
ſemblage of very acute points, and the body to be diſ- 
ſolved, as containing a vaſt number of pores, into which 
the points of the acid inſert themſelves, ſo as to disjoin 
the particles of the body; and reduce them to that ſtate 
of diviſion in which the aggregate diſappears. To men- 
tion this opinion is, at preſent, all that is neceſſary to 
ſhow its abſurdity and inconfiſtency with thoſe laws 
which accurate obſervation has eſtabliſhed in the expe- 
rmental ſciences, 


V. Fifth Law of the Attraction of Compoſition. 


Men two or more bodies are combined by this affinity, 
their temperature ſuffers a change at the inſtant of their 
union. 


Tuis phenomenon ſo invariably attends all the com- 
binations effected by art, that we cannot help conſider- 
D 2 ing 
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ing it as one of the laws of the attraction of compoſiting, 
The temperature of bodies may be altered in two van 
new combinations ſometimes produce cold, fometimg 
heat. The latter is oftener produced than the former: 
but as cold is certainly produced in ſeveral ſynthetic o. 
perations, we have thought proper to exprels this phe, 
nomenon by the general term, Change of temperatur, 
It may be objected, that in certain ſolutions or com. 
binations which are ſlowly effected, no change of tem. 
perature is perceived: But we would defire perſons why 
are diſpoſed to offer ſuch an objection, to immerle z 
good thermometer into thoſe ſolutions, and they wil 
not fail to be convinced that a change of temperature 
is produced. It appears from ſome valuable obſery 
tions by M. Baume, which ſhall be elſewhere mor 
particularly mentioned, that this phenomenon is occa 
ſioned by the change of aggregation, which the bodin 
entering into combination undergo as they paſs from 
ſolid to a fluid ſtate, But as that change 1s produced by 
the action of the affinity of compoſition, both the one 
and the other evidently depend on this principle. 
Macquer has given it as his opinion, that the var 
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tions of the temperature of bodies entering into colts * | 
bination, are occaſioned by the motion of their com ewpout 
ponent particles: but though we ſhould admit this ten 1. 
an happy account of the cauſe of the heat produe tion - 
in new combinations, ſtill the cold which takes place... de 
in ſome of them remains unexplained, Several mo... by 
dern chemiſts, particularly Scheele and Bergman, oon. 
ſider heat as a diſtinct body, acting a principal part und of 
all chemical combinations ; and aſſert, that changed ſingui 
temperature ariſes from the abſorption or diſengag prope 


3 men 
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ment of this body. This theory affords a good ex- 


planation of the cauſe of that change of temperature 
yhich takes place when a new combination is pro- 


juced. 


VI. Sixth Law of the Attraction of Compoſition. 


Two or more bodies united by the attraction of compo- 
tion, form a ſubſtance, the properties of which are diffe- 
ent from thoſe which each of the bodies poſſeſſed before 


heir union. 


Ir is of importance to eſtabliſh the exiſtence of this 
aw; becauſe many celebrated chemiſts of the preſent 
Wee, have entertained opinions concerning the proper- 
es of compounds, which to us appear inconſiſtent with 

great number of facts, and are directly contradictory 
o what we here offer as one of the principal phenome- 
ja of the affinity of compoſition. 
Stahl and his followers, whoſe genius has, in other 
nſtances, rendered ſo many important ſervices to che- 
iſtry, have aſſerted, that compounds always partake 
{ the properties of thoſe bodies of which they are 
ompounded, and poſſeſs a kind of middle nature be- 
een their principles. They have even carried this 
otion ſo far as to perſuade themſelves, that it is poſſi- 
e to determine the peculiar properties of any ptinci- 
les, by examining the compound formed by their 
lon, Thus, Stahl pronounced-falts to be a com- 
und of earth and water, becauſe he thought he could 
ſinguiſh their properties to be intermediate between 
e properties of theſe two ſubſtances. As we are to 
D 3 examine 
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examine this leading doctrine when we come to com 
der the general nature of ſalts, it would be impropy 
to enlarge upon it here : We ſhall only obſerve, thy 
thoſe chemiſts who have adopted this opinion of Stahly 
have not been happier than he in rhe proofs which 
they have adduced to eftabliſh it; and that the inte; 
mediate properties which they have diſcovered in com. 
pound bodies, have always a very remote relation g 
thoſe of their principles, as ſhall be clearly ſhown tl 
be the caſe, even in the chief inſtances adduced by 
Stahl. I muſt even acknowledge, that what firſt is 
duced M. Bucquet and myſelf to examine this theoy 
with particular attention, and finally to adopt one & 
rectly oppoſite to it, was our obſerving with what df 
ficulty, and how ineffectually, Stahl had laboured u 
eſtabliſh it in his works. All that is neceſſaty u 
prove the exiſtence of this law, for which we rejet 
the theory of Stahl, is, to produce ſome inſtances in 
which the properties of compounds are totally different 
from thoſe of either of their principles. But the pe hen 
nomena of all chemical combinations come unde nne 
this deſcription; not one but affords an inſtance in b-offers 
half of that truth which we wiſh to eſtabliſh, combi 

In order to ſhow, 1/7, That bodies which enter ſulphi 
to combination loſe their original properties; lad h 
That they acquire new properties totally diffeꝶ mu atford 
from thoſe which they before poſſeſſed; let us ſeb metals 
ſome properties of Which the variations may be cal 
ly diſtinguiſhed. Tafte is often a very eminent pts 
perty in two diſtinct bodies, which when united a 
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tent cauſtics, the ſulphuric, or vitriolic acid, and 
pure pota/h, has only a bitter taſte ; which is by no 
means an intermediate between the cauftic poignan- 
cies of theſe two ſalts. Again, two bodies with little 
or no taſte, often acquire by combination a very ſtrong 


ade; a few grains of the oxigenated muriatic acid, 
i or a few grains of mercury given in a glaſs of wa- 
u er, can produce no bad effects on the animal œcono- 
; whereas, if combined ſo as to form the oxigena- 
„ mercurial muriate, or corrofive ſublimate, and ad- 
eo Wminiſtered in the ſame manner, they have a moſt pun- 
eat taſte, and produce the moſt fatal effects on the hu- 
ban conſtitution. | 8 

do Bodies entering into combination are no leſs liable 
age change of form. Two ſubſtances, neither of 
„nich is by itſelf ſuſceptible of cryſtallization, often 
ume a regular form when combined together: thus 


muriatic acid gas, and ammoniac or alkaline gas 
pie When they enter into combination, form cryſtals af 
nd mmoniacal muriate. In other inſtances, the form 
de agers only a flight change of modification; as in the 

combination of certain neutral ſalts in the union of 
e apnur with metals, and in alloyed metals; which 
a have been obſerved by M. PAbbé Mongez to 
Nag ttord cryſtals ſomewhat different from thoſe of pure 
de wetals. La/tly, Bodies that are, in a ſimple. ſtate, 
calWW bly ſuſceptible of cryſtallization, loſe this pro- 

perty when combined with other bodies. This hap- 

pens to all metals when united with the oxigenous 
D 4 Principle; 


which is produced by the combination of two po- | 
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| | principle ; and to ſome of them when combined with 
| acids, &c, * 

8 The Wee of bodies is alſo affected by their 
combination ; the:confiſtency of a compound being al. 
moſt always different from that of either of the ſimple 
bodies of which it is compoſed. Thus, two fluids d. 

ten produce a ſolid by their combination; for inſtanee,! 
the ſulphuric acid united with a folution of potaſb 
And again, a fluid often refults from. the combination 
of two ſolids; as from a combination of neutral falt 
with ice, and from the mixture of an amalgam of lead 
with an amalgam of biſmuth. But the quality which 
fuffers the moſt frequent alterations in the combination 
of bodies is colour. Sometimes it is loſt : thus the eo. 
loured muriatic acid, combined with a metal, become 
white. But it oftener happens, that two bodies deſti 
tute of colour, aflume when united either a fainter or 
ftronger colour, as when iron or copper are diſſolved i 
almoſt any of the acids, and whe the calces of lead, 
mercury, or almeſt any other metal, are united with 
oxygen. 

Many bodies, which in a fimple ſtate, are ſtrongly 
doriferous, become inodorous when brought into com & n 
bination; as for inſtance, muriatic acid gas and a- 
moniac or alkaline gas, which in a ſimple ſtate haye 1 
ſtrong ſuffocating ſmell, form in combination ammonis- 


cal 


We cannot avoid making uſe of terms and denominations not yt 
explained. But the reader may have recourſe to the table ſubjoinedit 
the end of the laſt volume, and to the beginning of our account d 
the ſeveral articles to which ſuch names belong, for an explanation « 
them, This inconvenience, though it may * the beginner, cat 
not be otherwiſe obviated. 
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aul muriate, a neutral ſalt that has ſcarce any ſmell. 
Again, from the union of two indorous bodies, there 
often reſults a ſtrong- ſmelling compound; ſulphur and 
fxed alkali, each of which is in a ſimple ſtate almoſt deſ- 
titute of ſmell, form, when united, liver of ſulphur, or 
pbure, a ſubſtance which in a moiſt ſtate is extremely 
fetid. 

The fuſibility of bodies is ſubje& to the fame chan- 
n ges. Two ſubſtances, not ſuſceptible of fuſion, or 
which cannot be reduced to that ſtate without the 
greateſt difficulty, when combined acquire the proper- 
y of fuſibility in an high degree, Combine ſulphur 


'n ith any of the metals, and you will have a ftriking 
0. WEoſtance of the truth of this aſſertion. A variety of o- 
es her facts, beſide thoſe which have been here adduced, 
th oncur to eſtabliſh this law in contradiction to the theo- 
ot of Stahl. 

in 

ad, 


VII. Seventh Law of the Attraction of Compoſition. 


The attraction of compoſition is meaſurable by the diffi _ 


70 culty of deſtroying the combination formed between tws 
om or more bodies, 

am- 

e 1 CuzmisTs know how to ſeparate bodies in union, 
ni WF owever ſtrong their natural attraction or adherence ; 


eier the means which they employ for this purpoſe are 
nore or leſs eaſy, more or leſs complex. It has 


. een uniformly obſerved, that in proportion as a com- 
ind is more or leſs perfect, its component parts are 
nf parated with more or leſs difficulty: And the degrees 
r he difficulty with which any two ſubſtances are ſe- 


parated 
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parated, may be therefore conſidered as in direct pn whi 
portion to the degrees of the attraction by which they ſucl 
mutually adhere; from the one we may form a juſt e it is 
ſtimate of the other. 
We conſider it as particularly neceſſary to inſiſt og 

> this law, becauſe beginners are not to fall into miſtaks 
in eſtimating the differences of the attraction which v of ct 
nites the principles of different combinations. From unite 
the rapidity with which ſome ſubſtances combine, such 
are ready to imagine that their mutual attraction mi force 
be very conſiderable. But long experience ſhows that ratio: 
this eagerneſs to enter into combination, inſtead of i trivec 
dicating a perfect compoſition, is rather a proof there 
the attraction between the bodies is extremely weak hicl 
and can produce but a very imperfect compound, H chem. 
order, therefore, to determine accurately the degree od ere 
affinity with which bodies unite and remain in union, late. 
we mult conſider the eaſe or difficulty with which they ct tlic 
are ſeparated. This will be farther explained by wo pe: 
examination of the eighth and laſt law of this ſpecies bons u 
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VIII, Eighth Law of the Attraction of Compoſitim. 


Bodies have not all the ſame degree of chemical altri 
tion with regard to one another ; and the degree 
this force, ſubſyting between different bodies may N 
determined by obſervation. 

to rem; 
NaTuRaL bodies have not uniformly the ſame te the lat 

dency to mutual combination, There are even ſo is pre 

bodies which abſolutely refuſe to unite, or betwelMexi4e a 

whi 
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which at leaſt art cannot effect a direct combination; 
ſuch as iron and mercury, water and oil, &c. though 
it is not true that theſe bodies have no mutual attrac- 
tion. Others require long time and much pains to bring 

00 them into combination. 

0 But the moſt important circumſtance of this variety 
„of chemical attraction: is, that ſince various bodies are 
united with various degrees of force, we may acquire 
we WT ſuch an accurate knowledge of the particular degree of 
uf WW force which unites any two bodies, as to effect a ſepa- 
bat ration between them at pleaſure. Bergman has con- 
It trived the name elective attractions, to indicate that 
there is a kind of mutual choice between thoſe bodies, 
ak Which in order to combine with one another, ſeparate 
in {themſelves from thoſe other ſubſtances with which they 
ed vere before united, and entirely forſake their fermer 
ion, ate. This decompoſition is even the grandeſt effect 
bey erf the chemical art: by this the chemiſt is often able 
s perform what appears altogether miraculous to per- 
sons unacquainted with the principles on which he 
proceeds. To comprehend the nature of this decompo- 
lition, let us ſuppoſe two bodies to be united with a 
* force equal to four; as for inſtance, an acid and an 
ide, or metallic calx : Let us bring a third body, ſuch 
85 an alkali, which has an affinity with the acid equal 
to five or ſix, into contact with this compound; the 
conſequence will be, that the alkali, whoſe tendency to 
combine with the acid is greater than that of the acid 
to remain in union with the metallic oxide, will deſert 
the latter in order to combine with the tormer, This 
Is preciſely the reſult of ſuch a mixture, the metallic 
ide appears in a ſeparate ſtate, and a new combina- 
; tion 
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tion is formed, conſiſting of the acid and the alkali 
This decompoſition is commonly known by the name 
of precipitation; becauſe the ſubſtance ſeparated gene. 


rally ſinks to the bottom of the fluid compound. 


The ſubſtance that ſinks to the bottom of the yeſſ 
in which this operation 1s performed, is named a pre. 
cipitate. The ſubſtance by the addition of which the 
phenomenon is produced, is denominated the precip. 
There are four different kinds of precipitates, 
A true precipitate is formed, when the ſubſtance which 
finks to the bottom is one of the principles of-the com. 
pound decompoſed by the addition of the new body, 
When ſulfate of lime, which is a combination of lime 
and the ſulphuric acid, is decompoſed by means of pot. 
aſh, which ſubſtance has a greater affinity *with the 
acid than with lime, the lime being ſeparated falls to 
the bottom, and conſtitutes a true precipitate.” A fall 
precipitate is produced, when the new combination df 
the precipitant with one of the two ſimple bodies d 


tant. 


the compound which it has decompoſed, falls to the 
bottom on account of its inſolubility, while the ſepa- 
rate body remains in a ſtate of ſolution, When mera. 
rial nitrate is decompoſed by the muriatic acid, with 
which the oxide of mercury has a ſtronger affinity 
than it has with the nitric acid, the new combination 
of mercury with the muriatic acid finks to the bottom 
of the mixture, forming a falſe precipitate, above which 
the nitric acid remains diſſolved in the water. Thy 
phenomenon depends entirely, as ſhall be elſewhere 
ſhown, on the different degrees of the ſolubility of the 
different ſubſtances, 
We cannot ayoid obſerving, in this ſecond orderd 
| precipitatch 
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recipitates, an error of denomination which may tend 
o miſlead beginners. For, if this name be given to 
he ſubſtance ſeparated from the compound by the pre- 
jpitant, it cannot with any propriety be applied to 
he new combination then formed. But though we 
ould even confine the term precipitate to denote the 
ubſtance ſeparated by the precipitant, it might till 
\ccaſion miſtakes ; as it happens in many caſes that the 
ſulated ſubſtance, inſtead of finking, riſes and is vola- 
lized. Thus, when the combination of the muriatic 
cid with volatile ammoniac or alkali, known by the 
ame of ammoniacal muriate, is decompoſed by quick- 
ime, with which the acid has a greater affinity than 
ith volatile alkali, the alkali eyaporates, and the mix- 
ure affords no appearance of any precipitate. 

In order to produce theſe precipitates, it is neceſſary 
hat the ſubſtances be in a liquid ſtate : The proceſs is 
en called precipitation effected in the humid way, to 
iſtinguiſh it from that which is accompliſhed by the 
Rion of fire, or in the dry way, either by means of 
fon or diſtillation 3 which operations ſhall be hereaf- 
er particularly explained. 

Modern chemiſts have likewiſe taken notice of two 
ther ſpecies of precipitate ; the diſtinction between 
hich is much more juſt and uſeful than that between 
de preceding. Theſe are pure precipitates and impure 
reciputates, The firſt comprehend all bodies which, 
ter their ſeparation from thoſe compounds into which 
ey entered, exhibit all their original properties, with. 
t appearing to have ſuffered any alteration, in con- 

quence either of exiſting in a compound ſtate, or of 
es ex poſed to the act of decompoſition. The pre- 
ten cipitates 


/ 
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eipitates of this (| pecies are very numerous, . the in 
pure precipitates ſtill more ſo. 
| In order that precipitates may be obtainb# very pun 
It is requiſite that they ſhould have ſuffered no altera 
by the action of the bodies with which they were cat 
bined before their precipitation; and that there fubli 
no affinity between them and the ſubſtance employetuli 
precipitate them. For inſtance, when alcohol, or ſpiii 


of wine, is poured into a ſolution of ſulphate of po ve 
the ſpirit of wine having a ſtronger affinity with M pear. 
water than the water has with the ſalt, the latter Mie flui 


nt, a 
proof 0! 
he alk; 


left in a ſeparate ſtate, and becomes a pure precipitat 
becauſe it has ſuffered no alteration from the watet 
and has not the moſt diſtant affinity with the alkohd 


But when two bodies by combination have product For c 
mutual alterations on each other, as happens in th recipit 
combination of acids with metals, the third body, ui e pure 
as an alkaline ſalt, employed to effect a ſeparation V ncern 

tween them, will give the metal in a ſtate very different kalis, 
from its original character, and will thus produce a bis ope 
impure precipitate. The ſame reſult takes place whi Itisn 
the precipitant has any tendency to umte with tit olition 
precipitate : thus, in tie above-mentioned inftance d bre 
a metallic folution decompoſed by an alkali, part een lim 
the alkali entering into combination with the metall But b 
oxide renders it- an impure precipitate. Theſe ts * dit 
cauſes of the impurity of precipitates are almoſt alu c 
found to act together. We can ſometimes diſtinguil tractor 
at once whether a precipitate be pure or impure, dies ca 
adding a much greater quantity of the prectpitatilf ividua 
body than is neceſſary to decompole the compounk Fought 
VinDOoun 


This extraordinary quantity then enables the precip 
| * 


vfinity between them, and diſſolves the latter ſo en- 
rely as to make it diſappear. If a quantity of volatile 
kali or ammoniac be poured upon a ſolution of copper 


arm of light blue flakes. The colour of this precipi- 
ate, ſo very different from the natural ' brilliancy of 
opper, ſhows it at once to be an impure precipitate: 
f we add more ammoniac, this will {till more plainly 
ppear. The blue flakes are again diſſolved by the ſalt, 
he fluid becomes gradually homogeneous and tranſpa- 
nt, and aſſumes a very fine deep blue colour; a ſure 
roof of the combination of the oxide of copper with 
he alkaline ſalt. | 

For our preſent accurate knowledge of theſe impure 
recipitates, which occur much more frequently than 
e pure, we are indebted to the reſearches of M. Bayen, 
oncerning the decompoſition of mercurial ſolutions by 
kalis, and the ſtate of the mercury precipitated in 
bis operation. 

It is now eaſy to underſtand the theory of the decom- 
oition of compounds of two bodies by means of a 
ird brought into contact with them: they all depend 
pon ſimple elective attractions. : 

But beginners will find more diſſiculty in acquir- 
ga diſtinct idea of that complicated phenomenon to 
hich chemiſts have given the name of double elective 
fraction. It often happens that a compound of two 
dies cannot be deſtroyed by a third or fourth body 
ividually ; while, if a compound of the two laſt be 
Fought into contact with the firit compound, both 
pounds are inſtantly decompoſed. An example 
will 
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ant to combine with the precipitate, 2 docs hs a 


rith the nitric acid, the copper is precipitated in the 
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will make this better underſtood : Sulphate of potaſ 
or a combination of the ſulphuric acid with potakh 
cannot be decompoſed by either quicklime or the colt 


nitric acid individually; but pour into a ſolution ofthe dulp 
former neutral ſalt a proper quantity of the calcareny will 

. nitrate, formed by the union of the nitric acid with betu 
quicklime, the two combinations will be mutually de. T 

| compoſed; the nitric acid uniting with the potal elect! 
to form common nitre, while the fulphuric acid unit. ed fi 
ing with the lime, forms ſulphate of lime; which being hic! 
leſs liable to ſolution than the nitre, is therefore pred ere 
pitated. This affinity may poſlibly appear ſtrange ache fu 
unaccountable; but it may be explained in the fab the n. 
lowing manner: The ſulphuric acid cannot be ſept rwe 
rated from potaſh, either by lime or by the nim ac 
acid, becauſe it has a ſtronger affinity with that alks ompe 
line ſubſtance than either of the two latter bodies h h 
with it or with the alkali, But when you preſent u Iproc: 
the ſulfate of potaſh a compound of the nitric acl  diffe; 
with lime, the nitric acid immediately exerts its tendets he ab 
cy to combine with the potaſh, while the ſulphuric acid ende th 
is at the ſame time attracted by the lime; ſo that the ſhall 
decompoſition of the ſulfate of potaſh is begun by the oe 
action of the nitric acid, and completed by that of tit inddio 
lime. To explain this double affinity ſtill more clearly, le dec 
let us ſuppoſe the force of adheſion, which unites tle do 
ſulphuric acid with potaſh, to be equal to eight; tit produce 
N nitric acid tending to unite with that alkaline ſu emp 
flance with a leſs degree of force, which we may eli". 
mate at ſeven, would be inſufficient of itſelf to decon-iﬀ'""* t 
poſe the ſulfate of potaſh ; but the lime by its tes be part 
EXErt ur 


| 1 , | dency to combine with the ſulphuric acid, aids it wil 


1 Vel. 


Af 
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a force which we may conſider as equal to ſix; and theſe | 
two forces together amount to thirteen ; which ſum of 
ſorces is exerted againſt the force eight, to ſeparate the 
ſulph irie acid from the potaſh, This compound force 
Will alſo be greater than that which maintains the union 
between the lime and the nitric acid. 

There are therefore two kinds of attraction in double 
elective attractions, which muſt be carefully diſtinguiſh- 
ed from each other: 1. The farſt is that by virtue of 
which the principles of each of the two compounds ad- 


ng 
ci. here to one another, which in the above inſtance retains 
dhe ſulphuric acid in union with the potaſh, and cauſes 


the nitric acid to adhere to the lime. I ſhall follow Mr 


fal 

" irwan in giving to this force the name of quieſcent at- 
action,; becauſe its tendency is to preſerve the two 
compounds in their firſt ſtate. 2. The ſecond is that 


by which the four principles of the two compounds re- 


y 
y procally change their ſituations, and are combined in 
of WS different order: it is by virtue of this affinity, that in 
ee above inſtance the potaſh combines with the nitric 
{Pd the lime with the ſulphuric acid. This ſecond force 
the ſhall here denominate divellent attractions; becauſe it 
e cunteracts and deſtroys the firſt, From this uſeful di- 
the WF" i Ction, it becomes eaſy to explain the cauſe of this dou- 


le decompoſition, by exhibiting in a table, as Bergman 
as done, the forces of the attractions by which it is 
produced. Place the two compounds which mutually 


the 

ſy. F-<ompole one another between two braces directly op- 
7. olite, the acids ſtanding in oppoſition to the baſes on 
o bich they act; between theſe four bodies note down 


he particular degrees of the attractive force which they 
$xert upon each; add together the two horizontal num- 
| Vel. I. | E bers 
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bers, expreſſing the quieſcent attractions; add alfoth 
yertical numbers which are employed to mark the 
vellent attractions: if the ſum of the latter exceed thy 
of the former, a double decompolition and a double con, 
bination will be effected. The uſefulneſs and accunq 
of ſuch a table may be ſhown at once by giving an ex 
ample of it in the laſt mentioned compounds. 


Sulfate 


of 
Potaſh. 


Chemiſts have but lately begun to take noticed 
theſe double elective attractions; and we are far iron 
Thoſe who are engaged in chem 
cal reſearches will frequently obſerve this kind of 0 
compoſition in circumſtances where no ſuch phenom 
In the hiſton 


knowing them all. 


non was before ſuſpected to take place. 
of ſaline ſubſtances we will repeatedly have occaſions 
take notice of ſeveral of thoſe double elective attraQiod 


- . . * 
I have given ten fimilar examples of double decompoſitions wit 
take place in the mixture of neutral ſalts, in two diſſertations ; which 
reader may conſult. Sce my HMemoeire and Objervati:ns en Cf 
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Nitre, or nitrate of potaſh. 
, Wi 


T Potaſh 


\ $8 quieſcent 


Sulphuric 


Acid. 


e. 

7 Nitric ? 
— Acid. 

— 

— 

bo. 

© attract. 4=12 þ 
. 

8 

6 . 

J Lime. 
13 P 


X 


Sultate of lime “. 


Vol. I. 8 vo, Paris, 1784, pages 308 and 438. F. 
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Kc. and by ourſelves. 

Refore concluding our account of this tenth and laſt 
aw of the attraction, of compoſition, we cannot help 
king notice of an ingenious method contrived by a 
Wrench chemiſt, to exhibit at once all the more regular 
phenomena of chemical decompoſition, Geoffroy the 
der, obſerving the various relations which ſubſiſt be- 
een different bodies, and the precipitations produced 
n conſequence of thoſe relations, with more attention 
han had been applied to that object by former che- 
iſt, contrived, in the year 1718, to exhibit them in a 
able; in which he arranged thoſe bodies whoſe aſſini- 
es he had obſerved, in the order of their affinities. We 
ny mention that ingenious contrivance in this place; 
but will have many future occaſions in the courſe of 
bis work, of explaining it more particularly. Geoffroy 
ave that table only as a firſt attempt, to which he well 
new much might be added. A number of chemiſts 
ave adopted and enlarged his plan. Rouelle the el- 
er made ſome corrections on his table, and added ſeve- 
| columns to it. M. de Limbourg, a phyſician at Spa, 


njunction with another by M. Sage of Geneva, gained 
e prize offered in 1758 by the academy at Rouen, 
3s formed one ſtill more extenſive, M. Gellert, in his 
letallurgie Chemiſtry, has likewiſe given a new table of 
inities. But none has contributed more to the ad- 
pncement of this part of the ſcience than Bergman, 
oteffor of chemiſtry at Upſal ; whoſe labours have been 
beneficial to the ſcience in general. That celebrated 
miſt has followed M. Baume, in diſtinguiſhing the 

E 2 attractions 


hich have been lately obſerved by Derginns, 8 | 


an excellent diſſertation on the affinities, which, in 
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attractions which operate in the humid way, from thy 
which effect combinations in the dry way. He hazy 
ven two very extenſive tables, in which he exhibits 
elective attractions of a vaſt number of natural bodig 
To the ſame philoſopher we are indebted for a yep 
ingenious table, in which he has found means, byap 
culiar difpoſition of the chemical characters, to ex 
the phenomena of double elective attraction: Oft 


ght 
1 
bodie 
bn, © 
Jeen 
tert 
omb 


alt ee 
we gave an example above, 


After giving this view of the leading phenomenad 
chemical attraction, and unfolding the laws by v : :. 
that force appears to be regulated, we muſt oben , 
that in ſome caſes theſe laws ſeem liable to certain "nt 
riations, We need not here mention all the fa al 


which this afſertion is founded, as we ſhall be cared 
to take notice of them wherever they occur; only 
may obſerve, that theſe ſeeming anomalies of chend 
attraction ariſe from the influence of particular eiten 
ſtances ; ſuch as the quantity of the ſubſtances, the tex 


bound: 
joſe 0 
The 


onſiſti 


he ſep 
perature of the atmoſphere, motion or reſt, ſolution) = 


water or fire, that is, in the humid or in the moiſt v LT] 
the ſtate of aggregation proper to each body, &c. Bey 
man has conſidered all theſe circumſtances with pea 
liar care; and has ſhewn how far they may be expect 
to vary the laws of attraction. From the various ta 
which he has collected relative to this ſubject, heat 


tric. a 
comb 
cid, w. 
e ſulp 
ite of | 


cludes, that their variations can be regarded only dea. 
ceptions, by no means ſufficient to weaken the evideoa oc. 
on which the doctrine of chemical attraction is fh erde th 


ed. 
We are led to conſider two other ſpecies of affinil 
that have been admitted by ſome authors, in the lat 


1 ligh 


Jon niti 
fate 
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icht, the affinity of intermediates and the reciprocal 
affinity, By the firſt, they underſtand that by which 
dodies, which have no natural tendency to mutual uni- 
on, are capable of being united after one of them has 
deen combined with a third body, which ſerves as an 
atermediate between them: Oil, for inſtance, does not 
ombine with water; but a combination of oil with a 
alt conſtitutes a ſoap, which is ſoluble in water, the ſalt 
ting as an intermediate. But it is not the ſalt which 
enders the ſoap ſoluble, for its properties are entirely 
oft in the ſoap ; the ſolubility of this compound in wa- 
er is owing to the new croperſies it has acquired, This 
phenomenon falls evidently under the fixth law of che- 
ical attraction 3 by which it is eſtabliſhed, that com- 
Jounds acquire new properties totally different from 
joſe of their component principles. 

The reciprocal affinity takes place when a compound 
onſiſting of two bodies is decompoſed by a third, and 
he ſeparared principle again decompoſes the new com- 
mation; ſo that the principles ſeem to act reciprocal- 
ry. The ſulphuric acid has a greater affinity than the 

tric acid with potaſh, and accordingly decompoles 

combination of theſe two principles; but the mitric 

cid, when left in a ſeparate ſtate, has power to divide 

e lulphuric acid from the alkali; for by heating ſul- 
te of potaſh with the nitric acid, nitre is again ob. 
ned. This kind of aflinity, admitted by M. Baume, 
oecaſioned by two circumſtances, whole influence di- 

obs the general laws of chemical affinity. The com- 

on nitric acid muſt be heated before it can decompoſe 

kate of potaſh ; and the nitre obtained by this pro- 

is is again decompoſed by the ſulphuric acid, aſſoon 

E 3 as 


F 
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as the mixture returns to a cold ſtate. The fuming 


| pher 
or nitrous acid, decompoſes ſulfate of potaſh cold; 


natu 


fuming ſpirit of ſalt or muriatic acid effects the ſans M 
decompoſition, according to M. Cornette : but Bey, expl: 
man has very properly obſerved, that the odorating a 1 rer 
fuming acids, which he calls phlogi/ticared, have af neral 
ties different from thoſe which belong to them in thei natut 
ſimple ſtate, Beſides, in theſe caſes but a very trifly conc] 
part of the ſalt is decompoſed. ing ir 
In all theſe inſtances, the order of the elective aum ral 1: 
tions is changed and modified by particular circumſtas wards 
ces. The reſt of the facts on which Mr Baume eſtabli bodie 
ſhes the exiſtence of the reciprocal affinity, ſuch as th enorn 
decompoſition of ammoniacal muriate by chalk, ali eis 
of calcareous muriate by concrete volatile alkali, coil of gr 
properly under the double effinities ; as ſhall be ſho other, 
when we treat of thoſe ſalts. : doptil 
All that now remains to be ſaid on chemical attns mann 
tion is, to give ſome account of the different opinion in the 
Which have been advanced by philoſophers concerii dics 11 
the cauſe of this force X. alway 
The firſt who attempted to form a theory on Wl tires 
ſubject, thought that it mult ariſe either from the 4 nitics 
mentary particles of bodies being all of the ſame torn pheno 
or from the phyſical configuration of the parts, cular! 
laſtly, from ſome occult relations of their intimate c conce: 
poſition. Theſe notions proceeded naturally from WI perſu: 
mechanical explanations which were applied to all Murad 
phenom to in: 
* That beavtiful general ſact, hat all particles of matter, which ® mer 1: 
Suſcept lle of union by chemical affinity, continually tend to form bodies 9 M. de 
folyhedra!, con/lant, and determinate form ; appears to have been ſuſboy ſiderab 


ently aſcertained by Linneus, M. Romé de Lille, and the Abbe Hai 
to deſerve a place among the laws of chemical attraction H. 
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henomena of nature, in the infancy of the ſcience of 
natural philoſophy. 

Moſt of the modern chemiſts who have attempted to 
explain the cauſe of chemical attraction, have obſerved 
a remarkable analogy between this force and the ge- 
neral attraction diſcovered by Newton. Confidering 
nature as fimple and uniform, they have been led to 
conclude, that the power poſſeſſed by bodies of enter- ? 
ing into mutual union, mult depend on the ſame gene- 
ral laws as that by which all bodies are attracted to- \ 
wards each other. They have compared the minute | 
bodies on which the force of affinity acts, with thoſe 
enormous maſſes which compoſe the ſyſtem of the uni- 
verſe; and have ventured to altirm that it is the force 
of gravitation which cauſes the former to approach each 


other, and enter into combination. Several perſons, a- 
dopting this opinion, but modifying it in a particular 
manner, have concluded, that chemical attraction was 
in the ratio of the gravity of bodies, and that thoſe bo- 
dies which were of the greateſt ſpecific gravity poſſeſſed 
always the (ſtrongeſt affinities. This hypotheſis is ſome- 
times indeed juſtified by facts, and agrees with the affi« 
mties of many of the acids; but is contradicted by the 
phenomena of a vaſt number of decompoſitions, parti- 
cularly of all thoſe in which metallic ſubſtances are 
concerned. Some chemiſts have been even ſo ſtrongly 
perſuaded of the exiſtence of an analogy between the 
attraction of large bodies and, chemical attraction, as 
to imagine it poſſible to meaſure and calculate the for- 
mer in conſequence of our knowledge of the latter, 
A. de Morveau, whole opinions are likely to have con- 
Iiderable weight with other chemiſts, has made a num- 
E 4 bes 


plates of metal of the ſame diameter, ſuſpended from the 


ing neceſſary to raiſe it than to raiſe any of the othet 
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ber of experiments with a view to prove the truth if 
the above aſſertion. Applying to a furface of mercyy 


attr 
the 
ces 
arm of a balance, the other arm of which carried a dif, cula 
he next put weights into the diſh ſufficient to raiſe the | 
plate of metal over the mercury; and he actually found 
by making comparative trials of different metals, that 
theſe adhered to the mercury with different degrees d 
force, proportioned to the affinities known to ſubil 
between them and that ſubſtance. Gold adhered with 


the greateſt force to the mercury, a greater weight be 


evid 
fonls 
the 
have 
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metals: Cobalt, again, which is kgpwn to have no al. 
nity with mercury, ſeemed to have no adheſion with 
that ſurface, and was elevated above it with the greatel 
eaſe, But we muſt uſe the freedom to obſerve, that 
from ſeveral circumſtances, ſuch experiments cannit 
but be in ſome degree fallacious :- the inferior ſurface 
of the ſmooth plates of metal applied to the mercury, 
cannot but combine with that ſubſtance ; and the 
malgam formed by this event being more or leſs, ac- 
cording to the eaſe or difficulty with which the metal 
unites with the mercury, this combination increaſes the 
weight of the plate, and renders a greater force r. 
quiſite to raiſe it above the mercury. A plate of me. 
tal adhering to a ſurface of mercury, cannot be railed 
above it without dividing the mercury into two lay- 
ers; ſo that the force neceſlary to raiſe this plate is en- 
ployed rather in overcoming the mutual adherence d 
the particles of the mercury, than in dividing the met 
cury from the metal, 


It muſt be acknowledged then, that if chemical 
| attra&uon 


le 
dition of 
Piven by 
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MINUTE, 


attraction be the ſame with general attraction; yet 
the difference of the laws by which theſe two for- 
ces are regulated, proves the former to be a parti- 
cular modification of the latter. This truth becomes 
erident from a compariſon of thoſe laws of the New- 
tonian attraction with which we are acquainted, with 
the general facts relative to chemical attraction which 
Whave of late been diſcovered: The former acts only 
upon large bodies, and in the direct ratio of their 
maſſes ; the latter affects only minute bodies, and 
has abſolutely no influence on ſach as are of any con- 


het iderable bulk. Attraction acts between bodies pla- 
ath. ced at an unmenſe diſtance from each other: affinity 


never acts but between bodies in mutual contact. In 
deſcribing the laws of chemical attraction, we have 
lad before our readers the facts on one fide of this 
compariſon : and we are induced to conclude, that 


act the phenomena which theſe two great laws pre- 
W cat, are ſtill fo ſtrikingly different, as to render it 
: + W'iohly proper for philoſophers to diſtinguiſh between 


mem “. 
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cannot help obſerving here, that the only true and preciſe defi- 
dition of chemiſtry; and which, ſo far as I know, has hitherto been 
en by no writer or lecturer on that ſubject; is the following; Cuz- 
MISTRY 1S THAT SCIENCE WHICH INVESTIGATES THE MODIFICATIONS 
* THAT ATTRACTION WHICH TAKES PLACE ONLY BETWEEN THE 


MINUTE, COMPONENT PARTICLES OF BODIES, II. 
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Concerning the Principles of Bodies. 


| fol has been the opinion of philoſophers in all age 

that notwithſtanding the vaſt diverſity of the by. 
dies of nature, they are all compoſed of a few primay 
ſimple ſubſtances; and to theſe they have given the 
name of Principles. The analyſes of chemiſtry, which 
afford the ſtrongeſt facts in proof of this doctrine, har. 
ing enabled chemiſts to form pretty accurate notions 
concerning the nature and differences of thoſe priad 
ples; they have admitted ſeveral kinds of them, 
But it muſt be remarked, that they have taken the 
word principles in an acceptation different from that in 
which it was uſed by the philoſophers of antiquity, 


Ariſtotle and Plato applied the name principles tot 


claſs of ſubſtances, which being of ſuch ſubtlety a 
eſcape the obſeryation of the ſenſes, conſtituted, a 
they thought, by their union, thoſe bodies of a le 
ſimple nature, and perceptible to the ſenſes, which 
{till continue to be known by the name of elements 
Theſe are the ſame ſubſtances which have been by & 
thers philoſophers denominated atoms, or monads. But 
chemiſts, not preſuming to extend their ſpeculation 
to ſuch ſublime and ſubtle objects, comprehend us 
der the general name of principles, all thoſe ſubſtan- 


ces, whether ſimple or compound, which they obtain 


by the analyſis of bodies. But as the principles at 
bodles 
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bodies, when conſidered under this point of view, mult 
de extremely various, they have divided them into 
proximate and remote. The firſt are obtained by a 
firſt analyſis, and are capable of being reſolved into o- 
ther principles ; thus, by decompoling a vegetable 
ſubſtance, we obtain oils, mucilages, ſalts, and colour- 
ed particles ; all which are proximate principles of the 
yegetable ſubſtance, and each of them may by a new 
proceſs be decompoſed into other principles. By re- 
mote principles, they underſtand thoſe ſubſtances 
which, being ſimpler than the proximate, enter into 
their compoſition, Thus, mucilage, one of the proxi- 
mate principles of vegetables, affords by a new pro- 
ceſs, oil, water, earth, &c, and theſe are the remote 
principles of the vegetable. Theſe two kinds of prin- 
ciples have been alſo diſtinguiſhed by other names; 
ſuch as principiated, applied to the proximate princi- 
ples; and principiant, to the remote. Theſe epithets 
diſtinguiſh the former as ariſing from the combination 
of other ſimple principles ; and the latter, as ſerving 
by their union to conſtitute bodies, which though of 


J leſs ſimple nature, may yet become the princi- 


ples of new compounds, Some chemiſts, to ren- 
der theſe diſtinctions more juſt and accurate, admit 
more than two kinds of principles: They call thoſe 
principles which appear ſo ſimple as to be incapable of 
larther decompoſition, primary, or principles of the 
firſt order: ſecondary principles are formed by the com- 
bination of the primary ; the combination of the ſe- 
ondary conſtitutes ternary principles; and theſe u- 
nited in a new compoſition, afford quaternary princi- 
ples, &c. 


I Philoſophers 
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Philoſophers have not uniformly agreed with regar{ 
to the number of the elements. The followers of Tha, 
les the Milefian, who for his ſuperior knowledge wy 
ranked among the ſeven wiſe men of Greece, and, 20. 
cording to Cicero, was the firſt among the Greeks whz 
cultivated the ſcience of phyſics, conſidered water x 
the great principle of all material bodies. Anaximenes 
aſcribing this character to air, ranked it, on that 20 
count, among the number of the gods. Others conf: 
red this important function on fire; while ſome, among 
whom was Anaximander, the ſcholar of Thales, and 
maſter of Anaximenes, believed earth to be the prin. 
ciple of all things. Each of them ſupported his op- 
nion by reaſonings more or leſs plauſible : But as the 
experimental ſciences of natural philoſophy and che. 
miſtry were then unknown, we can regard thoſe no- 
tions in no other light than as bold conjectures, which 
unfortunately happen to be totally deſtitute of founds 
tion. About three centuries after theſe philoſophers 
Empedocles, a phyfician of Agrigentum, imagined that 
the four ſubſtances, each of which had been in its tum 
held to be the principle of all things, were of equal 
ſimplicity ; and therefore combined thoſe various opt 
nions into one ſyſtem, admitting four elements, fire 
water, earth, and air. His opinion was adopted by 
Ariſtotle and Zeno in the following century, What 
induced theſe philoſophers to conſider fire, water, earth, 
and air, as elements, ſeems to have been rather the 
bulk, quantity, and apparently uniform properties d 
theſe ſubſtances, than any accurate notions concerning 
their eſſential compoſition. Fire ſeems diffuſed through 


all nature, and its effects are always the ſame: Ou 
| globe 
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globe is ſurrounded with a maſs of air, of which the 
quantity and eſſential properties ſeem to remain unva- 
ried: An enormous maſs of water, whoſe depths are 
often unfathomable, covers more than half the globe : 
Laſtly, this globe itſelf, the bulk of which is more than 
equal to that of all the beings who inhabit it, taken to- 
gether, ſeems to be formed of a ſolid matter little ſub. 
jet to change, and of ſuch a nature as renders it a pro- 
per baſe to fix the other elements. It ſeems to have 
been on account of the bulk and unvarying properties 
of theſe bodies, that the firit philoſophers were induced 
to conſider them as the primary materials of which all 
natural bodies were compoſed. 

The peripatetic doctrine of the ſchools ſupported the 
Ariſtotelian diſtinction of the elements till the ſixteenth 
century. The fe of chemiſts who then began to pre- 
rail, introduced a new diſtinction of the elements. 
Paracelſus, who was rather an artiſt than a philoſopher, 
haſtily inferred from the reſults of his operations, that 
there were five principles: namely, ſpirit, or mercury ; 
phlegm, or water; falt ; ſulphur, or oil; and earth. 
By ſpirit, or mercury, he underſtood all volatile odo- 
rate bodies; but theſe properties are far from being 
peculiar to ſimple bodies. Water, or phlegm, com- 
prehended all aqueous, inſipid, products; but theſe 
properties are no ſurer indications of ſimplicity than 
the former. The word ſulphur, or oil, he applied to 
al inflammable liquid ſubſtances, and of conſequence 
to a great number of compounds, ſuch as the unctuous 
and eſſential oils, &c. By falt, he meant all bodies 
poſi:ling the three properties of dryneſs, taſte, and ſo- 
bility; which properties likewiſe belong to many 

compounds, 
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compounds. Laſtly, Paracelſus applied the word earth 


to all thoſe fixed, dry, and infipid, reſidues which ar 


obtained in moſt operations, and are now known to be 


very different in their. natures, 


Beccher, who has treated of the ſcience of chemiſtry 
in a very philoſophical manner, being aware of the oh. 
jections to which this ſyſtem of Paracelſus was liable 
and convinced of its inaccuracy, attempted to diſtin. 
guiſh the elementary principles of bodies-in a different 
manner. He firſt aſſumed two principles very different 
from one another; moiſture and dryneſs, earth and 
water. The latter of theſe he divided into three ſpe. 
cies ; namely, vitrifiable, inflammable, and mercunal 
earth. His vitrifiable earth was that which, taken 
alone, was not ſuſceptible of any alteration, but poſſe 
ſed the property of forming a glaſs when mixed. with 
a certain faline ſubſtance : he likewiſe aſcribed to it the 
quality of rendering thoſe bodies into the compoſition 
of which it entered, ſolid, and almoſt incapable of al 
teration. Inflammable earth was that which rendered 
all the bodies into which it entered capable of combul. 
tion: Beccher conſidered it as being likewiſe the cauſe 


cf odour, colour, and volatility, Mercurial earth he 


conſidered as exiſting in mercury, arſenic, the muriatic 
acid, &c.; and the diſtinguiſhing characteriſtic which 
he aſligned it, was to communicate an high degree d 
both gravity and volatility to thoſe bodies of which it 
conſtituted part, though theſe two qualities ſeem dired- 
ly oppoſite and inconſiſtent. Stahl adopted and illuſ- 
trated the doQrine of Beccher. He conſidered inflam- 
mable earth as fire exiſting in a fixed flate, and gave 10 
the name of phliogiſton, He found himfclf unable 0 
de monſliate 
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Jemonſtrate the exiſtence of mercurial earth; and we 
have hitherto obtained no certain knowledge concern- 
ing that principle. Stahl paid great attention to com- 
pinations of earth and water, and ſtill more to phlogiſ- 


try ton, but has ſaid ſcarce any thing of thoſe which con- 
b. tain air; which Hales, nearly about the ſame time, diſ- 
ble covered to act an important part in chemical phenomena, 
in. From the days of Beccher and Stahl to the preſent 
ent time, chemiſts have made no change on the doctrine of 
ent the elements eſtabliſhed by the philoſophers of antiqui- 
and ty. They have followed Empedocles in acknowledging 
pe- four principles, each of which they have conſidered as 


exiſting in two different ſtates, 1. As free and inſula- 
ted; and in this ſtate have the atmoſphere, large maſſes 


e ok water, fire in general, and the globe viewed as one 
vith whole, been conſidered: 2. As combined; and then 
the the air, water, and earth obtained by the laſt analyti- 


al operations that can be performed on bodies, are the 
lubjects of inquiry. 

duch nearly were the opinions concerning the prin- 
ripies and elements of things that prevailed from the 


auſe time of Beccher and Stahl, till the noble diſcoveries of 
1 be eſtley and Lavoiſier, concerning fire, air, and com- 
atic WWW ultion, exploded theſe, to make way for others better 
hich unded. In fact, if immutability of properties, unity 
e ol nd ſimplicity, be the genuine characteriſtics of ele- 
beats, and if this ſimplicity of character belong only 
red. ſuch bodies as we cannot reduce by decompoſition, 
Ilul- s to be remarked, 1/7, That of the four elements 
lam- ere are two, air and water, which art has at length 
ven und means to decompoſe and ſeparate into ſeveral 
le % aciples. 2d%y, That elementary earth is merely the 
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forming the component principles of moſt natural bodis 
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creature of fancy; as there are a variety of earthy ſy 


ſtances all equally ſimple and imcapable of decompg 
tion, as ſhall be ſhown in the laſt chapter of this fig _— 
part: gay, That there are many natural bodies, ſug 4 
as ſulphur and the metals, which no art has yet beg a 
able to decompoſe, and which mult therefore, in th . 1 
preſent ſtate of our knowledge, be conſidered as fimgi os 
ſubſtances, 3g 
From theſe general conſiderations, ariſing from fad Ihe 
which ſhall be more particularly related in the folloy, * 
ing chapters, and through the ſeries of the work, it q; = 
pears, that the true principles, or primary elementsd a 
natural bodies, eſcape the obſervation both of our ſens wy 
and of thoſe inſtruments which we employ to aid the BY 
imperfection of our ſenſes: that many of thoſe ſub "mM 
ſtances which have been called elements on account d 3 
their bulk, their influence on the phenomena of natur, * 
and their being found to exiſt in many of its produc Tire 
tions, are far from being ſimple and unchangeable ene 
| and that, in truth, none of the bodies with which tingu 
are acquainted, is a ſimple ſubſtance, though we ma by ul 
aſcribe this character to ſuch as we have not hither 
been able to decompoſe. And theſe aſſertions entire) 
agree with the opinions of ſome antient philoſophen 
who conſidered not the elements as the ſimpleſt of lub 
ſtances, but believed them to be formed of principle 
infinitely more ſubtle and immutable. | 
W hat we advance concerning thoſe ſubſtances whid Vol 


have for {0 many ages enjoyed the excluſive title of e 
ments, but are now diveſted of that prerogative, does 06 


hinder us from conſidering fire, water, earth, and ait, & 


Let 
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uk Let us diſmiſs this ſubject with an account of the 


* terms which have been employed by ſome perſons to 
4 diſtinguiſh bodies, according as their compoſition is 
more or leſs complex. 

* The combination of two elements forms a body that 
is called a mixed ; the union of ſeveral mixeds conſtitutes 
ba a compound; two compqunds make a ſurcompound 5 
the combination of ſurcompounds gives a decompound ; 
two or more of theſe united make a ſurderompound. 
It would be difficult to give inſtances of theſe ſe- 
'Y yeral kinds of compoſitions; we could indeed go 
no farther than to the ſurcompound. Theſe diſtine- 


* tions are, therefore, merely fanciful, and can be of no 
u ral uſe in ſcience, Macquer, to whom chemiſtry is 
0-8 much indebted for the preſent peripicuity of its doc- 
te trines, propoſes to explode this barbarous and inaccurate 
Lure 


nomenclature, and to adopt in its room, Firſt, Second, 
dug Third, and Fourth Order, We might even purſue the 
ſame thought, ſo far as to adopt theſe names to diſ- 
tnguiſh principles according to the order of the analyſis 
by which we obtain them. 


hich Ver, I. F CHAP. 


r. VV, 


Of Fire. 


: | 
Fog: we cannot agree to receive the word el 
| ment in the ſame ſenſe in which it was genen 
underſtood till the preſent time; though we cannd 
conſider thoſe four bodies, commonly called the four el 


ments, as the firſt principles of all others, and the fin 4 

pleſt productions of nature; yet we are willing to inquin * 

into their nature before proceeding to others; becauſet 3h 

| knowledge of their properties is neceſſary to enable th 4 

1 reader to underfland our account of the properties d 3 
13 other ſubſtances, and becauſe they cannot be arrange he 
1 under any of the diviſions of natural hiſtory, being cos. 
| | fined to no particular departments in nature, but es =" 

| | tending equally through all. The 
7 | None of the four elements diſplays greater adi neck 
or ſimplicity than Fire. The more ancient phildb 3 
Y phers, who in this particular have been uniform) with 
followed by their ſucceſſors, gave this name to a lub he 
[ ſtance which they ſuppoſed to be fluid, aQive, penetri Phil 
ing, conſiſting of particles actuated by a lively and i i 

| ceſſant motion, and the firſt principle of all fluidity at 


A motion. Whoever confiders this ſubject, muſt readij 
perceive, that it was merely by conjecture they aſcrids 
ed theſe properties to a particular elementary body: 
* for though the exiſtence of the other three elemen 


have always been uadeniably eſtabliſhed, yet the ext 
rence 
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reaſon to think, that in all languages, and among all 
nations, the*firſt uſe of this word was to denote the im- 
preſſion which hot bodies make upon the ff:in; and 
that it is ſignificant of the light which iſſues from bodies 
in combuſtion, as well as ſynonymous with the word 
heat. Many have conſidered it in this view, admitting 
the exiſtence of fire only where heat is felt or combuſ- 
tion carried on, Chancellor Bacon was among the firſt 
that began to doubt the exiſtence of fire as a particular 
fluid; and obſerved, that natural philoſophers, in de- 
fining it, had always miſtaken a property for a ſubſtance, 
Boerhaave, whoſe Treatiſe on Fire will be ever regard- 
ed as a maſterpiece, was ſenſible of this difficulty ; and 
in order to diſcover the properties of this pretended ele- 
ment, examined what effects it produces on thoſe bodies 
in which it is believed to exiſt ; ſo, like former philoſo- 
phers, he has rather given the hiſtory of hot, luminous, 
rarefi2d, and burning bodies, than of fire. This diffi- 
culty muſt ever continue to perplex the philoſopher, 


form no idea of it as exiſting in a ſeparate ſtate, Not- 
withſtanding the preſent advanced ſtate of chemiſtry, 
the exiſtence of this ſubſtance is ſtill undetermined, 
Philoſophers continue to believe in its exiſtence, but 
ere able to give a ſatisfactory explanation only of its ef- 
ies, Theſe difficulties have induced ſeveral chemiſts, 
among whom was the celebrated Macquer, to conſider 
tice as being nothing more than light, and heat as a 
certain modification of bodies, produced by the motion 
and colliſion of their component particles, But this 

F 2 | opinion 


tence of this has never been demonſtrated. There is 


The properties of fire cannot but be intimately con- 
nected with thoſe of the bodies on which it acts; we can 


* 8 8 _ * —* + AC 7 — 5 8 8 
3 e e 
« k - 8 „ L LA * - - 
„ Py 4 = = . 


84 Light. 
opinion no longer prevails among thoſe who ciltirit 
chemiſtry, In order to enter into the ſeveral thiorig 
which have of late been advanced concerning fire, ye 
muſt conſider it in a more particular manner. To 10 
quire an accurate knowledge of this matter, and 9 
comprehend that immenſe ſeries of facts which at pre. 
ſent conſtitute the body of the ſcience of chemiſtry; ye 
muſt make a methodical diviſion of our ſubject, examine 
and diſcuſs with pains its ſeveral parts and ſubdiviſion, 
and conſider in ſucceſſive order, as ſo many diſtin ef 
fects of fire, —light, heat, rarefaction, the changes pr. 
duced on bodies by heat, and the particular qualitis 
aſcribed to fire in a ſtate of combination, when it oh 
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CI. Of Light, . 

Tax exiſtence of light is not doubtful, like thatꝗ 
fire: both its exiſtence and its properties are at preſet ſobdL 
well known. This body, which is thought to ili be dir 
from the ſun and the fized ſtars, is the principle whid dies p 
enables the organs of ſight to inform us of the preſena pals it 
of other bodies. Without it we ſhould be involved E bon, 
perpetual darkneſs, and our eyes would be entirely plain t 
uſeleſs. Being reflected in right lines from the furs! dio 
of thoſe bodies on which it falls, it ſtrikes the eyes! 4 Wh 
vers 


ſuch a manner as to paint on the retina the images d 
thoſe objects from which it is reflected. Means hat 
been found to collect its rays in a darkened chambe, 
in ſuch a manner as to render their properties ſubject b 
examination, by exhibiting them diſtinct from the br Pa. 


dies which they illuminate, 25 
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Light. be 
The motion of light is ſo rapid, that it paſſes through 


the ſpace of eighty thouſand leagues “ in a ſecond of 
time, according to the moſt eminent aſtronomers, It 
moves in a rectilinear direction, and conſiſts of rays, 
which, after iſſuing from the ſtars, ſeparate and diverge 
in obedience to the impulſe originally communicated 
to them. Such 1s their elaſticity, that when they fall 


Joa a ſurface capable of reflecting them, the angle of 


their reflection is nearly equal to that of their inci- 
dence ; as is ſeen in the ſtudy of catoptricss When 
light paſſes near any body, it is more or leſs inflected 
towards that body; which inflection, by evincing its 
gravitation, ſhows it to be a diſtin ſubſtance, 

However great its ſubtlety and velocity, yet it does 
not move invariably in a right line. Such bodies as 
meet and obſtruct its paſſage, cauſe it to deviate from 
its original direction. When paſling obliquely out of a 
rare into a denſe medium, it is refracted like any other 


bud body; but Newton + diſcovered its refrangibility to 


be directly contrary to that of other bodies. Other bo- 
dies recede from the perpendicular line whenever they 
paſs into a denſer medium; but light, on ſuch an occa- 
hon, approaches nearer to the perpendicular. To ex- 
plain the laws of the refraction of light is the province 
of dioptrics. | 
When light reaches the ſurface of the earth, it dif. 
covers to animals the preſence of material bodies, and 
enables them to diſtinguiſh them into opaque, tranſpa- 
TY rent, 
* Twenty-five of which make a degree; equalto 167,000 geog. miles. 
H. | | 


We owe the firk accurate account of theſe phenomena to Des 
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rent, and coloured · Its preſence is ſo neceſſary to ren. fiſt 
der theſe properties perceptible, that in darkneſs bodies low 
become totally undiſtinguiſhable. Difference of opaci . 
ty, tranſparency, and colour in bodies, depends, there. the 
fore, on the manner in which they are affected by light,” be 
or in which they affect this ſubſtance, A body is tram. tate 
parent when the rays of light paſs eafily through it; Wh 
which depends no doubt on the form of its pores. & PE 
many tranſparent ſubſtances have great hardneſs an 68 
ſpecific gravity, the particles of light which penetrate thet 
through them muſt therefore be extremely ſubtle, A 22 
the particles of light paſs through thoſe ſubſtances, they 2k 
are refracted in the ratio of their denſity, if they he whi 
ſtones, ſalts, or vitreous ſubſtances : but tranſparent blac 
bodies of the combuſtible claſs refle& the particles i“? 
light in a different ratio. Thus, yellow amber has bun 
much greater refringent power than a ſaline cryflald (ive 
equal denſity, diſps 

By examining the various refractions and refledion wile 
of light, the great Newton was at length enabled 9 * 
decompoſe, or rather to diſſect, this body, fo far u 
diſcover that the rays which compoſe a beam of ligit the - 
were each of a peculiar colour. Before him men's ns the 1 
tions of the cauſe of colours were very obſcure and i wy 


diſtinct. The refraction and reflection of each rye 
light are determined by particular laws ; and thereta 
when a ſtream of light is directed ſo as to fall on the a 
gle of a triangular glaſs priſm, and the priſm is turn 
round > axis; the rays which compoſe the fied 


of light bing retracted according to different laws, A 
ſeparated iN paſſing through the glaſs, and it receive 
on a plane white ſurface, form a long ſpectrum, es 


Gale 
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ſilting of the ſeven following colours; red, orange, yel- 
low, green, blue, purple, and violet. 

The ſurfaces of opaque variegated bodies produce 
the ſame effects as the priſm on light, Such ſeems to 
be the cauſe of that diverſity of colours which conſti- 
tutes ſo conſiderable a part of the beauties of nature: 
When all the rays which fall upon any opaque body 
are refleted, without ſuffering any abſorption or ſepa- 
ration by that ſurface, they ſtrike our eyes with all 
their luſtre, and the colour produced is a white: But 
again, if the ſame rays fall on a ſurface by which they 
are all abſorded, the eye then beholds a deep ſhade; 
which being a direct contraſt to the former, conſtitutes 
black, or rather abſolute negation of colour, In ſhort, 
as eyery beam of light conſiſts of ſeven different co- 
loured rays, of various degrees of refrangibility, what 
diverſifies the colours of natural bodies is the various 
diſpoſition of the particles of their ſurfaces ; ſome of 
which reflect one ray, abſorbing all the reſt, others 
another, and ſo on. Colour depends, therefore, on the 
nature of the ſurfaces of bodies, and tranſparency on 
the form of their pores ; and both are occaſioned by 
the modifications produced on light, either by the ſu- . 
perficies or the interior parts of the bodies on which it 
falls. A blue or red colour is produced by the decom- 
poſition of a beam of light, and the abſorption of all its 
rays, excepting the blue or the red. 

Theſe are the chief properties of light, when conſi- 
dered in a free ſtate, or as it iſſues from the ſun and 
the fixed ſtars. But are we to examine it only in this 
free and inſulated ſtate? Is not this body, as well as 


all the reſt with which we are acquainted, ſubjeR to 
F 4 the 
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the laws of chemical attraction? The phenomena g 
light are not confined to the modifications which it fit 
fers from the ſurfaces of bodies. Subſtances expoſed y 
its influence, by being immerſed in its ſtreams, oftza 
ſuffer an alteration and entire change of nature, withay 
any other known cauſe ; and it is reaſonable to think 
that ſuch changes are produced by the operation of ligh 
which is enabled to effect them by being capable of ch 
mical attraction. Art, indeed, has not yet been ab 
to determine whether theſe alterations be occaionedy 
the decompoſition of light, or by that of the bodiesh 
contact with it, or by the mutual decompoſition of both 
which laſt is highly Probable : but they are too num 
rous and too ftriking to be paſſed over unnoticed. We 
ſhall here mention only a few of the moſt remarkable; 
becauſe our attention will be more particularly turn 
towards this object in.the hiſtory of natural bodies, 
Naturaliſts have long obſerved the influence of lig 
on vegetation, Thoſe engaged in the cultivation & 
plants firſt obſerved, that ſuch as grow in the ſhade ar 
of a paler colour, This phenomenon has received the 
name of ætialation; and the plants on which it tab 
place are ſaid to be etivlated. Herbs growing unde 
ſtones are white, ſoft, aqueous, and inſipid. Garde 
ers take advantage of this circumſtance to ſupply o 
tables with white and tender herbs and pulſe; for ti 
bind their leaves ſo cloſely together, that the extem 
defend the interior from the contact of the light. Tit 
colour of herbs is pale or deep in proportion as they at 
leſs or more expoſed to the rays of the ſun; and in co 
ſequence of this, the nations of the eaſt obtain from tit 


wood, bark, or roots of trees, many of the moſt valtk 
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ble colouring ſtuffs, both for permanency and luſtre, 
which all the ingenuity of European dyers has never 
been able to imitate. 

Colour is not the only property that vegetables de- 
we from the influence of light. From the ſame ſource 
hey acquire taſte, ſmell, and combuſtibility. Thus | 
Wight contributes to the ripening of fruits and ſeeds; 
and under the torrid climate of America, vegetables 
in general are highly odorous, ſapid, and refinous, &c. 
Laſtly, light exerts ſo powerful an energy on the or- 
panization of vegetables, that when the rays of the ſun 
fall upon them, their leaves pour from their ſuperior 
ores copious ſtreams of vital air; but when hid from 
he influence of that planet, they exhale a deleterious 
mephitic, or rather a real acid, of the ſame nature with 
at which 1s extracted from chalk. This important 
liſcovery was firſt made by Dr. Prieſtley. M. Ingen- 
houſze has proſecuted it much farther; and from the 
xperiments and obſervations of both, it appears how 
powerful the inflaence of light is on vegetation. In a 
great number of chemical operations, light is found to 
ct with the ſame energy as in theſe more general in- 
ances, There is not one ſubſtance in nature, that, if 
put into a cloſe glaſs veſſel, and expoſed to the rays of 
he ſun, will not ſuffer ſome alteration from their in- 
luence. Theſe alterations are moſt remarkable in mi- 
eral acids, oxides, or metallic calces, vegetable pow- 
ger, and volatile animal oils. Not a ſingle metallic 
ride, though more eſpecially that of mercury, but 
ufters a change of colour, aſſuming generally a deeper 
ade from being expoſed to the rays of the ſun. Paint- 
colours which are kept by -merchants in glaſs bot» 
tles, 


ſcope to reſearch, and have not hitherto been obſer 
ed any of them. M. Berthollet has alſo turned his ve 


determined accurately what paſſes in many of theſe i 
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tles, afford a good inſtance of this. Mineral acids 
poſed to the ſun become fuming, higher coloured, uf 
more volatile; metallic ſalts become black; animal ai 


aſſume a brown duſky colour. All theſe changes nes 
the moſt careful attention of chemiſts ; they afford wil 


with ſufficient care. Scheele was the firſt who deſerh 


to this object; and we ſhall afterwards ſee that he ly 


terations. ubſte 
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§ II. Of Heat. lamn 
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To examine the properties of heat is a much tn 
difficult taſk than to examine thoſe of light. Man. 


when heated acquire no additional gravity ; which mig 
ſerve to prove that heat is a diſtin& ſubſtance. 


luids, 
his w 


and many other great men, have thought heat to The 
only a certain modification of which bodies are ſuſi¶ered 
tible. It is certain that natural philoſophers, as vel of Me 
other men, have always conſidered its preſence wine 
| ſure indication of the preſence of fire; have ſometwa 4 1. 
confounded it with that element; and ſometimes co lcas e 
dered heat as one of the diſtinguiſhing properties of phers 
Its leading properties are, to penetrate througl WW\.1v«c 
bodies; to diffuſe itſelf equally, and to tend to an munic 
librium ; to dilate all ſubſtances into which it inſinu Tueir 
itſelf, cauſing them to paſs from a ſolid to a fluid yet f. 
and from this to aſſume the form of elaſtic fluids. preſu1 
Heat is uſually communicated to bodies in o wei} 


another of theſe three ways; by contact, by motion ehen 
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y combination. Every perſon muſt have obſerved, 
at when two fluids different in temperature, the one 
afibly warm, and the other ſenſibly cold, are mingled 
gether, the former loſes part of its heat, which is com- 
unicated to the ſecond, ſo that the temperatures of 
1th become the ſame. It is equally well known, that 
hen two ſolids, the one warm, the other cold, approach 
ach other, the latter robs the former of part of its heat, 
ad the temperatures become equal. As to the calling 
"th of heat by motion; the friction of any two ſolid 
ubſtances, ſuch as two hard ſtones, two pieces of wood, 
ory, or metal, produces a heat which often riſes to in- 
lammation. The production of heat by combination is 


Wo leſs undeniable, The union of concentrated acids 
ech water, quicklime, pure alkalis, or metals, is pro- 


Iudive of a ſtrong heat: the combination of certain 
luids, ſuch as oil and ſpirit of nitre, is even ſo powerful 
his way as to cauſe inflammation, 

The laws of the communication of heat were conſi- 
ered as analogous to thoſe of motion, till the labours 
pf Meſſrs Black of Edinburgh, Wilcke of Stockholm, 
Irvine of Glaſgow, Crawford and Kirwan of London, 
ad Lavoiſier of Paris, gave us new and more accurate 
Weas on the ſubject. The reſearches of theſe philoſo- 
phers have ſhown, that nothing was leſs known, or in- 
volved in greater difficulties, than the progreſs and com- 
munication of heat among bodies unequally heated. 
Their experiments, though highly ingenious, are not 
yet ſufficiently numerous. They themſelves do not 
preſume to conſider their obſervations as of ſufficierit 
weight to form an elementary part in the ſcience of 
chemiſtry: But it is highly probable that theſe will lead 

| to 
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to the eſtabliſhment of a general theory, which may 
applied to all the phenomena of chemiſtry ; in em 
one of which heat acts a part, by either its abſorgtin 
or diſengagement. 

Even the niceſt and moſt accurate e hay 
been hitherto inſufficient to afford us any determinay 
ideas of the nature of heat; and both chemiſts and u 
tural philoſophers are {till divided in their opinions q 
this ſubject. Part follow Bacon of Verulam, in cook 
dering heat to be nothing more than a modification 
which all natural bodies are ſuſceptible z which has g 
ſeparate exiſtence, but conſiſts in the oſcillation of th 
minute particles of bodies. This was Macquer's op 
nion. The philoſophers who maintain it, ſupporti 
on the following facts. Heat accompanies all the pl 
nomena of motion, and appears ſubject to the {any 
laws: It is increaſed with the increaſe of motion, a 
diminiſhed by its diminution. Excepting its commi 
nication or paſſage from one body into another, i 
which it follows laws different from thoſe of motion; 
in all other reſpects there is a ſtriking analogy betwes 
the two; and when this cauſe acts with leſs force, dl 
entirely ceaſes to act, heat is inſtantly diminiſhed, an 
ſoon totally loſt, To explain this hypotheſis, the pl 
loſophers by whom it is maintained obſerve, that el 
bodies of the greateſt denſity are full of ſmall cant 
or pores, the ſum of which if they were taken togetis 
would perhaps occupy a larger ſpace than the ſalt 
matter of the body that contains them. Theſe vat 
ſpaces afford room for the particles to move one agi 
another in a continual oſcillation. The oſcillations 


not obſerved, becauſe both the particles and pores 
| a 1 k 
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\ ſubtle and minute as to elude our ſenſes. Laſtly, 
Che philoſophers who regard heat as an internal mo- 


Pon, urge that no experiment has hitherto demonſtrated 


exiſtence in a ſeparate ſtate, and that it makes no 
ddition to the gravity of bodies, &c. 

On the contrary, many other philoſophers, and ſome 
nodern chemiſts, are of opinion, that heat is a particu» 
ir fluid, diffuſed through all nature, of which every bo- 
y contains more or leſs. They diſtinguiſh this fluid as 
ziſting in two different ſtates, -in combination, and 
t liberty, In the former ſtate, it neither affects our 
enſes nor the thermometer, but remains quieſcent in 
hoſe bodies of which it conſtitutes a principle ; it is 
hen more or leſs in a ſtate of confinement. In the de- 
ompoſition of the bodies it is often diſengaged, and 
ſcapes into a ſtate of liberty: it now becomes capable 
acting on bodies expoſed to its influence; and its 
orce is meaſurable by a graduated thermometer. As 
l bodies that paſs from a ſolid to a fluid ſtate, and 
hence into a vaporous form, excite cold in the ſurrounds 

g atmoſphere, they ſuſpect that ſuch bodies abſorb a 
great quantity of heat; and when fluids, by aſſuming 
| concrete form, generate heat, they think that heat 
then diſengaged from thoſe ſubſtances, and paſſes 
tom a ſtate of combination into a ſtate of liberty. 

Scheele, as well as Bergman, being perſuaded that 


heat is a diſtin ſubſtance, has examined with great 
attention all the phenomena which it diſplays as a 


hemical agent ſuſceptible of combination. He has e- 
en thought himſelf warranted by his experiments to 
onclude, that it is a combination of vital air, which 


be calls empyreal fire, and fixed fire or phlogiſton, and 


differs 
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differs from light only in the relative quantity of 4 
laſt principle. But however jagenious and aceury 
his experiments, the inductions which he has dan 
from them concerning the nature and principle 
heat, do not appear to be naturally deducible froms 
facts; and we cannot conſider his analyſis of hex x 
fully demonſtrated to be juſt. Some philoſopher 
of opinion, that light and heat are the ſame ſubſtan 
only exiſting in different ſtates. This ſubſtance } 
comes light, when its particles being collected ty 
ther, and poſſeſſing all their attractive force, are w 
lently darted to a diſtance : it aſſumes the charadg 
heat, when the ſame particles exiſt in a ſtate of dj 
fion, move gently, and tend towards an equilibriy 
Heat may be converted into light, and light againin 
heat. It muſt be acknowledged, however, that li 
often produces effects very different from thoſe of be 
as on the nitric acid, the oxigenated muriatic ad 
the calces or oxides of metals, and the leaves of ye; 
tables dipped in water; all which bodies afford nit 
air or oxigenous gas when expoſed to the rays oft 
ſun, which can be obtained from ſcarce any of the 
by the operation of beat. Thus the artificial light 
our fires paſſing through veſſels, changes the natur 
the products which it diſengages. Laſtly, Meſſrs 
voiſier and De la Place ſeem to think both theſe opi 
ons true: they conſider heat as a diftin& ſubſtan 
which by its preſence in natural bodies occaſions ang 
cillation of their component particles. | 
But though the nature of heat be not certaial 
known, the phenomena to which it gives riſe in ch 
mical combinations and decompoſitions are not the l 
cert 
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tain on that account, and are worthy of careful ob- 
mation. It appears from a vaſt variety of facts, that 
hether a body or a modification, it is of itſelf liable to 
| alteration, and is never loſt ; and the conſideration 
this has induced Meſſrs Lavoiſier and De la Place to 
rm an axiom or general principle concerning its ap- 
arance or diſappearance, As that axiom is of the 
igheſt conſequence, we ſhall inſert it here. 

If in a combination, or in any change of ſtate 
hatſoever, there be a diminution of free heat, the 
hole of that heat will again appear when the ſubſtan- 
are reſtored to their former ſtate ; and on the con- 
ary, if in any combination or change of ſtate there be 
n increaſe of free heat, this additional heat will diſ- 
pear when the ſubſtances return to their original 
ate,” 

They generalize this principle ſtill farther, fo as to 
ake it extend to all the phenomena of heat ; and 
hey then expreſs it in the following terms. © All the 
ariations of heat, whether real or apparent, that any 
ſtem of bodies can ſuffer, are reproduced in an in- 
erſe order when the ſyſtem returns to its original 
ate,” 

In order to meaſure the quantity of heat that is ab- 
drbed or diſengaged in the various phenomena of che- 
iitry, which appears from what has been ſaid, to be 
n object of the higheſt importance; modern philoſo- 
bers haye endeavoured to find means for correcting 
e obſervations of the thermometer, and extending its 
ale, M. Wilcke propoſed to eſtimate the heats of bo- 
ies by obſerving what quantities of ſnow they could 
gelt in a given time. Meſlrs Lavoiſier and De la Place 
have 
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have contrived a method which is more certain and n 
eaſily practicable; reducing ſubſtances that produce hey 
by their combination, as well as the veſſels in whichthy 
are contained, to the temperature of 32 Fabrenhej; 
they tken put them into a veſſel laid round with ice; 
and as the interior ſurface of the ice cannot be mel 
but by the heat which is diſengaged while the ſubla 
ces are entering into combination, the quantity of d 
heat thus diſengaged may be meaſured by the'quanty 
of the water obtained by the melting of the ice, v 
muſt be carefully collected *, By this proceſs thy 
have been able to eſtimate the ſpecific heats of varia 
bodies, to meaſure the quantity of heat abſorbed in 
rious combinations, and even to determine how m 
is diſengaged in combination and reſpiration, Wen 
obliged to refer our readers to the work of thoſe lean 
ed academicians themſelves, for an account of that 
genious inſtrument, and the manner in which it i 
be applied to the varions purpoſes for which it is adi 
ed; as the detail of particulars neceſffary to explain 
would be inconſiſtent with that brevity which we mea 
to follow through the courſe of this work f. 

Here let us conſider more particularly the rele 
blance that appears in ſome inſtances between li 
and hear, as well as thoſe peculiarities by which the 


are diſtinguiſhed from each other in the opera 
| J 


We underſtand from the Philoſophical Tranſactions, that ia i 
attempts made by an ingenious Engliſhman, it was found thit 
this method may be fallacious.— II. | 

See a Memoir on Heat, read before the Royal Academy of & 
ences on the 28th of June 1783, by Meſſrs Lavoifier and Deli 
of that Academy.— F. 
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rays warm thoſe bodies on which it falls; yet we muſt 
dot conclude from this circumſtance that light and 
-at are the ſame; there are a great many inſtances 
a which light is totally deſtitute of heat, and others 
gain in which heat is not accompanied with light ; 
W.nd a number of philoſophers therefore conſider them 
5 eſſentially different. In fact, phoſphori, diamonds, 
zutrid wood, animal ſubſtances in a ſtate of putrefac- 
on, luminous inſets and worms, as well as the rays 
ff the moon, concentrated on metallic. mirrors or len- 
2s, afford a ſtrong ſparkling light, but no ſenſible heat; 


vithout becoming luminous. 
The rays of the ſun appear to produce heat merely 
y their impulſe on the bodies on which they fall, or 
by the friction which they ſuffer from thoſe through 
phich they paſs. Red, and more particularly black 
paque bodies, are ſooner heated than white, bright 
urfaces ; doubtleſs becauſe they refract the rays more 
powerfully, and perhaps even becauſe light enters into 
ombination with thoſe high-coloured ſubſtances, while 
hite ſurfaces do not abſorb, but reflect the rays which 
all upon them. \ 
With regard to the production of light by a ſtrong 
ontinued heat, as in the combuſtion of oils, wood, or 
preaſe, and the ignition of metals and ſtones ; this may 
lo be accounted for without allowing the indentity of 
ght and heat. When combuſtible bodies are ſtrongly 
pnited, they at length produce flame; which has the 
me effects as the rays of the ſun, and ſupplies their 
blence. But this light which is produced by inflam- 
Vol. I, G mation, 


th of nature and art. Though the light of the ſun's | 


nd all the bodies in nature may be ſtrongly heated 
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mation, may have before ſabſiſted either in the om 
buſtible body or in the air, the preſence of which; 
neceſſary for its production: and this fact, therefore, 
affords no proof that heat may be changed into lip, 
The ignition of incombuſtible bodies, ſuch as ſtones i 
which light cannot ſubſiſt in a combined ſtate, not u 
leaſt in the ſame manner as in combuſtible bodies, hy 
been very ingeniouſly explained by Macquer. In hy 
opinion it depends on the ftrength of the vibrating 
communicated to the particles of thoſe bodies by the 
impulſe of heat. Thoſe vibrations diſpoſe the particly 
in ſuch a manner, that their facets, acting like ſo may 
little mirrors, reflect upon our eyes the rays of light 
which exiſt in the air by night as well as by day; i 
we are involved in darkneſs during the night, for u 
other reaſon but becauſe theſe are not then ſo direftely 
to fall upon our organs of ſight. | 

Such were the nottons of Macquer and of many other 
philoſophers, But a very numerous ſeries of accuratt 
facts concerning the differences of heat in bodies, tht 
capacity of bodies to abforb it, and the eleQive attrat- 
tions to which it is ſubject, render the exiſtence of heal 
as a diſtin body much more probable than ever. R. 
thought to be often a principle in compound bodies, and 
the lighteſt of all the ſubſtances in nature; and this ll 
property is conſidered as the reaſon why we cannot de 
termine its exiſtence by its weight. Heat is diftinguilt 
ed into two kinds, or rather as exiſting in two diff 
ent ſtates; in the one, it is intimately combined wil 
other principles, and is denominated latent beat, G 
the calbric principle, becauſe it is not perceptible 8 
the ſenſes; in the other, it is only diffuſed without com 
dinatin 


bination. This laſt kind of heat may be expelled by 
preſſure : thus, when a bar of iron is ſtruck, the ſtroke 
compreſſes its particles and cauſes the heat to iſſue out, 
in the ſame manner as water iſſues from a wet ſponge 
when it is preſſed together with the hand. Combined 
heat cannot be ſeparated from the bodies of which it 
forms a part, but by means of new chemical combina- 
tions. All ſolid bodies that contain any portion of 
theſe two kinds of heat, are capable of receiving more of 
bath, When you add a quantity of the ſecond ſpecies 
to any body, its firſt effect is to enlarge the pores that 
ſeparate its component particles, by which means it ſof- 
tens a ſolid ; next, as it gradually accumulates, it pro- 
duces fuſion or liquefaction; and as the quantity of 
heat continues to increaſe, elaſtic fluidity follows : But 
je ſhall treat of theſe phenomena in the two * 


ections. 


other 

* 5 . Of Rareſaction. 

attrats RAREFACTION is the moſt remarkable of all the ef- 
bea, which philoſophers aſcribe to fire, and is conſtant- 


y produced by heat. We have already taken notice 
lat the chief effect of heat is to diminiſh the ſpecific 
fravity of bodies, by extending their bulk, without 
dding any thing to their abſolute weight. This rare- 
action ſhows, that ſome new ſubſtance is introduced 
to the cavities of the rarefied body. This ſubſtance, 
hich is no other than heat, acts in proportion to the 


at, A erſtices which ſeparate the component particles of 
ble e body. Bodies when rarefied by heat gain no addi- 
t com- 


dual weight, and have their ſpecific gravity Ciminiſh- 
G 2 ed; 
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ed; becauſe rarefaction conſiſts fimply in the ſeparation 
of the parts of the warm body, its pores being/enlarge 
ſo that there is more vacuity and leſs ſolid matter tha 
before in a given ſpace. This ſeparation of parts is & 
feed by heat, which is to us, in point of weight, x 
mere non-entity. 

When we confider, that the particles of bodies rare. 
fied by heat, ſuffer an internal motion, which tends ts 
divide them from one another; and that cold, on the 
contrary compreſſes and condenſes them; we are le 


to conſider heat as a force oppoſed to the mutual gu 7 
vitation of thoſe particles, which weakens their part, rare 
cular attraction ; For it is to be obſerved, that ther few 
are three modifications of the Newtonian attradtion ſub! 
which ought to be carefully diſtinguiſhed from one at» in t 
other. The firſt ſtate of attraction is that which c whil 
operates with a primary impulſe to retain the planen be e 
in their orbits, preventing them from approaching the amo 
ſun, upon whom they would ſoon fall were it not i ford 
the centrifugal force which they have. received fron deed 
primary impulſe ; this may be called planetary at nim: 
tion, to diſtinguiſh it from the other two, The ſecond ſes p 
ſtate or modification of attraction is that which cauls coat; 
bodies projected into the atmoſphere of our globe the i 
tend towards the centere : this is terre/trial gravitatilh of at 
The third modification of this general force is that I muly 
which the ſeveral parts of any body tend to their colt 

mon centre: ſuch as a ſtone or any other confiltenl 

body: this force produces aggregation, and in its i# = 


rious degrees is the cauſe of ſpecific gravity : It is 


laſt ſpecies tlirt heat diminiſhes and tends to annikilate A 


and by acting in oppoſition to this force, it produces Vs (1. 
infinite 
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; finite variety of effects in combination, decompoſition, 
vegetation, animalization, &c. 

Boerhaave, who has examined the effects of fire 
rather as a philoſopher than a chemiſt, has eſtabliſhed 
three general laws concerning rare faction, which we 


(hall examine. 


FIRST Law. 


All bodies are dilated by beat. 


Tnovon it be a general truth, that heat dilates and 
rarefies almoſt all natural bodies, yet we may make a 
few remarks on this phenomenon. Firſt, all mineral 
ſubſtances without exception are dilated and rarefied 
in the dire& proportion of the ſtrength of the heat to 
which they are expoſed. This rarefaction may even 
be carried ſo far as to deſtroy the aggregation of many 
among them; but vegetable and animal ſubſtances af- 
ford ſome exceptions to this law. A gentle heat in- 
deed dilates their fibres, divides them, and thus dimi- 
niſhes their conſiſtency ; but a ſudden ſtrong heat cau- 
ſes parckment, membranes, and tendons, to ſhrink and 
contract their bulk; which ſeems to be occaſioned by 
the irritability, or more properly the contractive force, 
of animal fibres, on which heat appears to act as a ſti» 
mulus, till their organization be deſtroyed, 


SECOND LAW. 


All the dimenſions of bodies rarefied by Leat, are dilated. 


A BAR of iron ignited becomes both longer and 
lucker, Philoſophers have contrived ſeveral inſtru- 
G 3 ments 
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ments for eſtimating, and even for meaſuring preciſe 
this effect of rarefation. The pyrometer invented hy 
Muſchenbroek, ſhows this by the dilatation of ignite] 
bars of metal, ſo accurately as to diſtinguiſh the 1000 
part of an inch. The communication of the expanſn 
motion through various levers, whoſe arms are of ung 
qual lengths, occaſions this nice ſenfibility. The lil 
of theſe moves through fo large a ſpace, that it eaſily 
indicates, by means of a hand or index carried round 
by a wheel, the extremity of which points to a ſerig 
of numbers arranged round a circular plate of metal 
the ſmalleſt degrees of dilatation that the bar ſuſſen 
As the pyrometer meaſures only the lengthening d 
bars of metal, philoſophers have made an experiment 
with a cylinder, which paſſes through a ring when both 
are cold; but when the cylinder is heated the ring 
cannot contain it; and it hence appears, that the 
diameter of bodies is dilated as well as their length. 
On account of this fact, which is well known to 
chemiſts, it becomes neceſſary to leave room in the 
grates that are placed in furnaces, and not to crowd 
veſſels expoſed to heat too cloſely together: otherwie 
you are in danger of having them broken, and ſuffer 
ing various other inconveniences in your proceſſes. 


Tauind Law. 


The dilatation of bodies is in the direct ratio of their th 
rity, or the inverſe ratio of their denſity. 


 BoxRHAAVE laid down this law after comparing the 
_ effects of heat on no more but three ſolid bodies very 
| different 


a. 


Trent 
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different from one another, wood, ſtones, and metals. 
He had obſerved, that in proportion to their denſities 


wood was the moſt dilated by the ſame degree of heat, 


tones next, and after them metals. From this he ven- 
tured to conclude, that the more rare the conſiſtency of 


any body, the more eaſily is it dilated; and that the 


greater the denſity of a body, the leſs is it liable to ras 
refation, But by examining the rarefaction produced 
by heat on a great number of bodies, M. Buffon has 
found that the dilatation of ſolid bodies by heat is in a 
direct proportion to their alterability by fire; ſtones are 
dilated in proportion as they are ſuſceptible of calcina- 
tion, and metals in the ratio of their fuſibility. Boer 
haave had likewiſe extended this law to fluids, with- 
out examining the dilatation of any fluid bodies but 
air, ſpirit of wine, and water, Had he compared the 


rarefation of mercury with that of theſe bodicrhe 


would ſcarce have ventured to lay down this general 
law, For mercury, though its denſity be greatly ſu- 
perior to that of water or ſpirit of wine, admits of much 
eaſier dilatation than either of them. And from this 
fact it appears that the quickneſs or ſlowneſs of the ra- 
refaction of fluids by heat depends on neither their in- 
flammability nor fuſibility. Meſſrs Lavoiſier and Buc- 
quet, who have made a long train of experiments on 
the dilatation and ratefaction of bodies by heat, have 


found themſelves unable to determine the cauſe of that 


amazing diverſity which appears among theſe pheno- 
mena, and have contended themſelves with deſcribing 
their experiments, without preſuming to deduce any 

induction from them. 
Beſide theſe laws of the rarefaQion produced by heat, 
G 4 i which 
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which are ſtill but very imperfectly known, it ; of 
importance to know, 1. That bodies always produce 
cold when they paſs from a ſolid to a fluid ſtate; as f 
inſtance, ſalts when diſſolved in water, evaporating 
ether, &c. 2. That fluids capable of aſſuming a con 
crete form, generate heat as they become ſolid: thy 
water, which freezes when put into a freezing mixture, 
never affords fo high a degree of cold as ſpirit of wine 
put into the ſame mixture. It may be underſtood fron 
what has been ſaid, that when a ſolid body becomes | but t 
quid, it abſorbs an additional quantity of heat; and 
when a liquid body becomes ſolid, part of the heat 
which it contained is diſengaged, 


FIV. Of the Phlogiſton of Stabl. 


Beccurs,; ſtruck with that property of certain bo 
dies whith enables them to produce fire, that is to 
ſay, light and heat, in conſequence of continued m ontat 
tion, or by coming into contact with other bodies u 
a ſtate of ignition, imagined it to depend on a diſtin 
principle, to which he gave the name of inflammabl 
earth, Stahl, whoſe attention was ſtrongly engap- 
ed by this doftrine, underſtood this principle to bt 
pure fire, or the matter of fire fixed in combuſtible 
bodies. To this element, exiſting in ſuch a ſtate « 
combination, he gave the name of phlogiſton, or the 
inflammable principle, to diſtinguiſh! it from fire in 
free or active ſtate, Its properties, when combined, 
are totally different from thoſe which it diſplays whe! 
at liberty : it then gives neither heat nor light, though, 
in the latter ſtate, theſe are its conſtant attendants: 


But, 


But, when freed from confinement, it conſtantly regains 
Ins characteriſtic properties, and its preſence is indicated 
by both heat and light, Such was the ſublime and 
imple idea of Stahl concerning the nature of combuſti- 
ble bodies. It is indeed natural to think, that thoſe 
ſubſtances which, when ſtrongly heated or forcibly 
ruck, become inflamed, and continue to burn till 
hey be conſumed, owe this property to their latent 
ire; and that the combuſtion of ſuch bodies is nothing 
but the diſengagement of the fire, and its paſſing to a 


ombuſtible bodies contained fire in a fixed or com- 
dined ſtate, on which principle their inflammability 
Jepended, He alſo conſidered this principle as being 
gerfetly the ſame in all the ſubſtances into which it 
ntered, whatever their nature, or however different 
hey might be from one another. The combuſtibility 
f any body appeared to him a ſufficient proof that it 
ontained a quantity of phlogiſton. Thus, in his opi- 
on, ſulphur, charcoal, metals, oils, and phoſphorus, 


rences in point of form, colour, conſiſtency, gravity, 
c. might depend, he thought, on the variety of the 
nnciples to which the phlogiſton was united ; for the 
hlogiſton itſelf was always the ſame, and could ſuffer 
o variation but by being diſmiſſed from a combined 
Mito a free ſtate. 

In order to diſtinguiſh the properties of phlogiſton 
fixed fire, Stahl inſtituted a compariſon between 
bares into the compoſition of which it enters, and o- 
ters that ſeem deſtitute of it. He obſerved the for- 


tility, 
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ate of liberty. According to Stahl, therefore, all 


wed all their properties to phlogiſton ; and their dif- 


er to poſſeſs in general, colour, ſmell, fuſibility, vola- 
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theſe properties by heating them with oils, charcal 
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tility, and combuſtibility ; while he found the lattery 
be commonly deſtitute of colour and ſmell, fixed in; 
greater or leſs degree, incapable of fuſion, and ſtill ma 
incapable of combuſtion, He likewiſe obſerved, thy 
ſuch bodies as evidently appeared to be phlogiſticatel 
loſt moſt of their properties when deprived of their pi 
giſton, but regained them when it was reſtored, 
He applied his doQrine chiefly to ſulphur and met 
lic ſubſtances: the phenomena which theſe afforde 
were the leading facts on which it was eſtabliſhed 
Metals he conſidered as compounds of certain earth 
with phlogiſton, When calcined, their phlogiſton of 
diſengaged, and eſcapes into a ſtate of freedom; al 
they loſe, of conſequence, their fuſibility, duQtility 
and inflammability. You may cauſe them to recon 


or any other phlogiſticated ſubſtance, ſo as to reſtorey 
them what they before poſſeſſed of that principle. $i 
phur is a combination of the ſulphuric acid and phi 
giſton : its combuſtion conſiſts in the diſengagement( 
the latter principle ; and when this is entirely diſengy 
ed, nothing but the acid remains. By applying cl 
coal, oils, or metals to this acid, we can deprive the 
of a part of their phlogiſton; which being communic 
ed to it, forms a new quantity of ſulphur, or a colour 
odorous, fuſible, volatile, and inflammable body. 

However plauſible this theory may be eſteem 
yet, in conſidering it, one important difficulty occuni 
Stahl and his followers have never told us precil 
what phlogiſton is, but have always expreſſed the 
ſelves on this head in obſcure and indeterminate tem 


Macquer, who was ſenſible of this difficulty, alter 


: 


Phlogifton. 
ring long conſidered the nature of fire and phlogiſton, 
concluded that light poſſeſſed all the properties aſcrib- 
ed to it, either when in a ſtate of freedom and activity, 
or when united with other principles in compound bo- 
lies, and labouring to diſengage itſelf, 

When we exhibit a view of a theory that has obtain- 
| a place in ſcience, it is but fair to point out what 
ificultics attend it, and to examine whether it be found- 
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ode in error, or on the ſolid bafis of truth. We ſhall, | 
ſhed, ore, mention the objections that are now made | 


o the doctrine of that great chemiſt ; a doctrine which 
now loſt its luſtre, aſter having long made an illuſ- 
jous figure in the ſcience, 
The leading difficultips which occur in confidering 
he theory of phlogiſton may be reduced to three 
leads: 1. The properties which Stahl attributes to that 
riaciple do not always appear in the bodies in which 
e ſuppoſes it to exiſt. Charcoal, and particularly that | 
f reſinous bodies, which he conſiders as pure phlogiſ- i 
an, is neither odorous, volatile, nor fufible : there are 
ven ſome ſpecies of charcoal which are ſcarce combuſ- | 
ole. Diamond, an extremely fixed, tranſparent, in- 
lorous, and infuſible ſubſtance, is perhaps the moſt 
dmbuſtible body known, as it burns entirely, without 
aving any reſidue. Spirit of wine, æther, and ſeve- 
of the eſſential oils, are without colour. 
2. Many bodies, upon loſing their phlogiſton, ac- 
ire new properties, which Stahl conſidered as de- 
nding upon that principle. Moſt metals, when cal- 
ned, aſſume a deeper colour; cobalt, mercury, lead, 
dn, copper, &c. 
3- Stahl paid ſo much attention to combuſtible bo- | 

dies, ) 


— 


* P 


Te3 | Phlogiſfon: 


dies, as he hoped, from the examination of their 1 
ture, to determine the character of phlogiſton, that x 
ſeems to have forgotten that air is eſſentially neceſſy 
to combuſtion. In conſequence of this, he has owe. 
looked this objection againſt his theory, which was ng 
indeed urged againſt him by any contemporary chem 
If combuſtion be nothing but the diſengagement d 
phlogiſton, it is plainly an act of decompoſition, ig 
which the combuſtible body loſes one of its principle! 
But how is it poſſible for a body, after having loſt ore 
of its 'component principles, to poſſeſs conſiderably 
more abſolute weight than before? An hundred li 
weight of lead affords an hundred and ten of miniunz 


the weight of the ſulphuric acid obtained by the con 


buſtion of ſulphur, is greater than that of the ſulphy 
from which it was obtained: and, in the ſame mana 
we learn from the fine diſcovery of M. Lavoiſier, thi 
eighteen ounces of pure water are obtained by burnuy 
ſixteen ounces of ſpirit of wine *. | 

The ſtrength of this objection, together with tix 
difficulty that is found in every attempt to demonſtrat 
the exiſtence of phlogiſton, have induced ſome modern 
chemiſts to deny that there is ſuch a ſubſtance in nature 
But they muſt not be implicitly liſtened to; even ih 
numerous train of experiments which have been of lat 
made on combuſtible bodies and combuſtion, have ot 
fully demonſtrated that there is no ſuch principle # 
fixed fire in material bodies: its exiſtence ſeems to! 
allowed, while its name is changed; and inſtead of tl 


pblogiſtic, it is called the caloric, principle. It ud 
. yeltet 


* Meeting of the Royal Academy of Sciences on the qth af N 
tember 1784.— F. 


Phlogiſton; | og 


reſted, however, of the property of producing combuſ- 


* nion; and though it be acknowledged to exiſt in inflam- | | 
enable bodies, it is not conſidered as the cauſe of their | 
ore WWofammability. 
$ ot Since chemiſts began to inquire how far the pre- [ 
mit ence of air is neceſſary to combuſtion, they have made | 
at cM: reral important diſcoveries ; the chief of which is, ö 

| 


hat a certain quantity of atmoſpheric air is always ab- 
orbed by burning bodies, and that it is the acquiſition 
ff this air, which becomes fixed or combined, that 
wgments the abſolute gravity of metals, ſulphur, phoſ- 
phorus, inflammable gas, and ſpirit of wine, when ex- 
poſed to combuſtion. As this increaſe of gravity has 
deen likewiſe found to correſpond preciſely with the 
reight of the air abſorbed, ſeveral chemiſts, at the headft 
if whom may be reckoned Meſſrs Lavoiſier and Buc« 
quet, were led to adopt a new theory, founded ſolely 
dn this abſorption of air, in which they entirely rejected 
phlogiſton. This theory was directly oppoſite to Stahl's, 
Ind conſiſted of the four following principles: 

1. Stahl's phlogiſticated bodies are, according to this 
loctrine, ſubſtances which have a ſtrong tendency to 
ombine with air; for on this tendency the combuſtibi- 
ity of bodies entirely depends. 

2, All the phenomena which Stahl aſcribed to the 
lilengagement of phlogiſton are produced by combina- 
ons with pure air: ſuch are combuſtion, calcination, 
eſpiration, and the formation of the ſulphuric and 
phoſphoric acids, by the combuſtion of ſulphur and 
boſphorus, 

3. On the other hand, according to the pneumatic 
teory, all thoſe phenomena in which the doctrine of 
Stahl 
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Stahl repreſents the phlogiſtic principle as entering ij 
to new combinations, are produced by the diſengage 
ment of air. Such are the reduction of metals, eſſechi 
by the mutual action of metallic calces and char 
the decompoſition of acids by combuſtible bodies, u 
particularly the decompoſition of the ſulphuric and 
trous acids by iron, charcoal, &c. 

4. This theory views all thoſe bodies which St 
thought to be compounds, with phlogiſton for one. 
their principles, as ſimple ſubſtances, having ſo ſtray 
an affinity with pure air, that they attempt to enter i 
to combination with it whenever they are expoſed þ 
its contact. Combuſtion is, therefore, nothing but th 
combination of air with the combuſtible body; and i 
operations in which bodies are thought to regain thet 
phlogiſton, are merely the diſengagement of pure ai 
or its paſſing out of one body into another. 

This opinion, which was adopted by M. Bucque 
in his latter courſes of lectures, explains indeed moſt d 
the phenomena of combuſtion, calcination, and ther 
duQion of metallic calces; but it does not entirely explai 
why flame is ſeen to proceed from combuſtible bodia 
in a ſtate of ignition; nor does it account for the n 
motion produced in inflammation; and the other cha 
ges which attend this phenomenon. Macquer, ali 
carefully examining how far the modern diſcovers 
could affect the received theories, was of opinion tha 
they were inſufficient to explode the theory of Stali 
and has therefore combined the pneumatic with tit 
phlogiſtic doctrine, by repreſenting phlogiſton as light 
in a ſtate of fixation. After ſhowing that pure ligt 


ſuch as that which the ſun diffuſes over our globe, Wi gh) 
| x 


<> 
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de conſidered as the ſubſtance of fire, and, by being fix. 


d in bodies, may actually conſtitute the phlogiſton of 
Stahl; he next gives it as his opinion, that in every act 
f combuſtion, pure air diſengages the light or phlogiſ- 
on of combuſtible bodies, and poſſeſſes itſelf of its place; 
ad that the calcination of metals may therefore be re- 
rarded as the precipitation of air, and the diſengage- 
nent of light. Again, when phlogiſton is reſtored to 


he calces of metals by reduction, light, in its turn, diſ- 


rgages or ſeparates the air which was fixed in thoſe 
ubſtances, and by that means cauſes them to reſume 
he character of metals. Macquer alſo thought; and it 
as neceſſary to his theory, formed with a view to re- 
oncile Stahl's with the modern doctrine; that phlogiſ- 
on may combine with bodies even in cloſe veſſels, 
nce light is well known to penetrate through glaſs, 
nd eyen through metal and earthen veſſels, when theſe 
re made red-hot. Scheele has propoſed a different 
eory, Which has alſo been adopted by ſome northern 
hemiſts, He conſidered fire, heat, and light, as com- 
jounds of vital air with phlogiſton; and thought that 
ght in paſſing through veſſels, ſuffered decompoſition, 
e phlogiſton in the reduction of metallic calces or ox- 
les being communicated to the calx, while the vital 
Ir was diſengaged. But this ingenious theory, by 
hich Scheele accounted for the effects of ſolar light, 


Ind of the various modifications of heat on a great ma- 


y chemical phenomena, affords no explanation of the 
creaſe of the weight of metals, ſulphur, and phoſpho- 
, &c. after combuſtion, 

M. Lavoiſier, whoſe experiments have contributed ſo 
galy to the adyancement of chemiſtry, and whoſe o- 
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pinion muſt therefore have conſiderable weight, hy 
propoſed a new theory that has been adopted by mf 


French chemiſts, and appears to me to afford an hay. 


pier explanation of the phenomena of Nature than any 
other. He thinks that light, heat, and all the ot 
remarkable phenomena of combuſtion, depend rather 
on a certain action of the air than on the peculiar nz 
ture of combuſtible bodies ; that the flame which the 
ariſes is occaſioned by the diſengagement of the light 
which was combined with the pure air, not of thy 
which exiſted in the combuſtible body. He aſeribes i 


pure air that decompoſition which, according to Stall 
and Macquer, takes place on the inflammable ſubſtance 
Pure air he conſiders as a compound of the ſubſtances 
fire and another principle which ſhall be afterwards d 
ſcribed ; and the fixed fire, the diſengagement of whid 
is the principal act on ſuch occaſions, is, in his opium 


ſeparated from the pure air, not from the combultibl 
body, We cannot enter more particularly into i} 
ingenious ſyſtem in this place. In the hiſtory of air, 
the following chapter, it will come more properly und 
our examination, At preſent we ſhall content « 

ſelves with obſerving, that the fire or heat, which? 
Lavoiſier allows as a principle of pure” air, and the @ 


engagement of which he takes to be the cauſe of tk 
ſparkling flame and vivid heat which accompany 


rapid combultion produced by that air, act nearly 
the ſame part with Stahl's phlogiſton, or Macquer's fu 
ed light; and that chemiſts ſeem to have univerſally# 


greed concerning the exiſtence of this principle, 


only diſſerence among them being, that one party! 


lieve it to exiſt in combuſtible bodies, and to be 
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principle of air, and aſcribe inflammation to a different 


teaſons which induce us to prefer the latter of theſe 
opinions. | 


CV. The Efefts of Heat on Bodies confidered Chemically. 


Is the third ſubdiviſion of this chapter, it was ſhown 
that one of the chief effects of heat is to rarefy bodies, 
oincreaſe their bulk, and diminiſh their ſpecific gravi- 


pores. Such was the ſimple phyſical or mechanical i- 
lea which we gave when ſpeaking of rarefaQion in ge- 
eral; but when we attend more carefully to this pri- 
nary act of heat, we ſhall find that it produces ſeveral 
ther important effects. | 

The firſt and moſt ſtriking effect of heat, is its di- 
iniſhing the aggregation of bodies, by ſeparating their 
articles. As the force of aggregation, and that of the 
traction of compoſition, are always in the inverſe ra- 
o of one another, as has been ſhown in the third chap. 
er, it will be readily underſtood that heat, in deſtroy. 
bg aggregation, muſt be ſingularly favourable to com- 
nation. This has cauſed fire to be conſidered ag the 


TP a/lume the title of philoſophers by fire. It will after- 
ards appear, however, that they make much leſs uſe 
tit at preſent than they formerly did. 


ew, as tending to deſtroy aggregation, and favouring 
mbination, appears liable to four different modifica- 
Yor. I. H tions 


cauſe of inflammability ; while another conſider. it as a. 


uſe, In the following chapters, we ſhall explain the 


ty, by ſeparating their particles, and enlarging their 


rincipal chemical agent, and has even induced chemiſts _. 


The action of heat, when conſidered in this point of 


— — — 
c — 


114 Chemical Epect: of Heat. 


tions, according to the nature of the bodies on which | 
_ exerts its energy. 

1. There are ſome bodies on which it produces ng 
alteration, nor any effect but dilatation. Subſtances of 
this nature are unalterable and apyrous. Thus rock. 
cryſtal, however long expoſed to the utmoſt violence q 


fire ſuffers no alteration : it loſes neither its hardnek 1 
nor tranſparency, and appears, after this aſſay, with al ed f 
its former denſity and beauty. But there are very fey on! 
ſubſtances ſo little alterable as rock-cryſtal, by 
- 24ly, Heat entirely deſtroys the aggregation of min 
bodies, caufing them to paſs from a ſolid to a fluid ſtate, that 
This phenomenon is named fuſion ; the bodies on which 36 
tt is produced are called fufible. There are various de Prin 
grees of fuſibility, from that of platina, which is epa 
tremely difficult to melt, to that of mercury which des 
mains always in a fluid ftate, When this fuſibility h erat 
carried to an exceſſive degree, it becomes volatilization. Prod 


A body becomes volatile, or diffuſes itſelf through the W/*par 
atmoſphere, when it is cauſed to paſs, by a ftrong man- Fue 
faction, from the liquid ſtate to that of an elaſtic fu, Wee. 
It is then diſſipated by heat, and elevated in the at 
moſphere, where it remains fuſpended till cold reſtore 
to it part of its denſity and ſpecific gravity. Bodis 
which may be reduced to this ſtate are named volatile; 
thoſe incapable of it are, by way of oppoſition, called 
fixed. There are many degrees between fixity and vol 
tility, It even ſeems impoſſible to ſuppoſe any body 
abſolutely fixed. Perhaps the only reaſon why any #þ 
pear fo, is, becauſe we cannot apply to them a degree 
of heat ſufficiently intenſe, We may make the ſam 


remark on infuſibility ; it is never abſolute, The 
| fog 
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fon why rock cryſtal appears infuſible, is, becauſe we 
cannot apply to it the proper degree of heat. When we 
ſpeak, therefore, of the infuſibility or the fixity of cer- 


uin ſubſtances, we are to be underſtood as ſpeaking on- 


ly in reference to the heat to which it is in our power 
to ſubject them. | 

This efſential volatility is to be carefully diſtinguiſh- 
ed from that which is merely apparent, and takes place 
only in conſequence of the communication of motion 
by a current of flame or vapours : Thus, for inſtance, 
unk, in a ſtate of calcination, is carried up by the flame 
that is raiſed during its combuſſion. 

zaly, When heat acts on bodies conſiſting of two 
principles, one volatile, the other fixed, it generally 
ſeparates them by volatilizing the former. Such bo- 
dies are thus decompoſed, but without ſuffering any al- 
teration ; for by reuniting their principles, we can re- 
produce them with all their original properties. This 
ſeparation of principles is a true or fimple analyſis, 
Fue applied to bodies conſiſting of two ſubſtances, be- 
tween which there is a wide difference in reſpect of vo- 
laulity, reduces the volatile principle to vapours, but 
leaves the fixed uninjured. Burt in order that this true 
analyſis may take place, it is requiſite that both the 
volatile and the fixed principle of the compound be 
unalterable by the degree of heat applied to them; or 


what they be expoſed only to ſuch a degree of heat as 


they can bear witheut loſing any of their properties. 
The volatilized ſubſtance having then undergone no 
greater alteration than the fixed, they may be reunited 
lo as to form the ſame compound which they conftitu- 
ted before their ſeparation. When this may be effec- 

nh 32 ted, 


= 
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ted, the analyſis is true or ſimple. As bodies do ng 
| generally conſiſt. of two principles, one of which iᷣ 
E\ latile the other fixed, and as it is often extremely dif, 
cult, and ſometimes even impoſſible, to apply to con 
pounds of this kind preciſely that degree of heat which 
will volatilize the one without alteration, and leave the 
| other uninjured; it may be naturally inferred, tha 
b; | the number of the bodies on which heat acts in thy 
manner muſt be very inconſiderable. For this realy, 
chemiſts have now much leſs frequently recourſe 9 
the operation of fire than formerly. The fſubſtancy 
on which heat produces this effect are decompujitt 
, without alteration. Some mineral ſubſtances, ſuch y 
cryſtallized ſalts and ſolutions of neutral ſalts, om 
under this claſs. | 

4thly, When the body expoſed to the action of in 
conſiſts of ſeveral volatile and ſeveral fixed principle 
the volatilized principles enter into mutual union; the 
fixed are alſo combined with one another: and ſuchi 
the reſult of this decompoſition, that though the pro 
ducts be reunited with the reſidues, the original con 
pound will not be produced. This is therefore a fil 
or complicated analyſis. The bodies on which heatad 

in this manner are decompoſable with alteration. 
Moſt natural ſubſtances belong to this claſs. Thy 
are too complex in their compoſition, and conſiſ d 
too many principles, to be decompoſed without ſufſes 
ing alteration. As the force of the affinity of comps 
"ſition acts upon all bodies, and is even promoted I 
heat, when any of the principles of a compound att 
volatilized by the action of fire, they react upon ol 


another, unite, and form a new order of combinatid 
different 
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Jifferent from that in which they before ſubſiſted : 
the ſame thing takes place on the fixed principles of the 
body. Thus, when a piece of wood, bark, or any other 
jegetable ſubſtance, is expoſed to the action of fire; 
the water, the ſalts, and the oil, unite togther, and 
conſtitute an acid, elaſtic fluids, and a brown oil, &c. 
which did not exiſt in the wood in that form. The 
ation of heat, therefore, produces a total alteration on 
ſuch ſubſtances : the phenomena which attend it indi- 
cate a falſe or complicated analyſis,.the reſults of which 
might lead chemiſts into miſtakes were they not aware 
of the uncertainty with which it is attended, It is 
certain that art can never reproduce wood or bark, by 
mixing together the phlegm, oil, acid, and charcoal 
obtained in this analyſis, and that the principles which 
it affords have ſuffered great alterations. Unluckily 
the bodies ſuſceptible of theſe alterations are the more 
numerous claſs, Under it all animal and vegetable, 
and moſt mineral, ſubſtances are to be ranked. But 
the modern diſcoveries will enable us to determine the 
me nature of the principles of ſuch ſubſtances, by ex- 
kmining ſuch of them as are diſengaged. 

Hitherto we have ſpoken only of the effects of ſuch a 

kong heat as is uſually employed in the operations of 
m: But a gentle and continued heat, ſuch as that 

wich is exerted in the operations of nature, gives riſe 

oa number of important phenomena, which are high- 

' worthy of the chemiſt's attention. The vibration 

nd oſcillation of the particles of ſolid bodies which its 

Mpulle occaſions, and the agitation and rarefaction of 

luds ariſing from the ſame cauſe, produce a continued 

ternal motion which gradually changes the form, the 

H 3 dimenſions, 
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gree 


dimenſions, and the contexture, of the former; ay 
produces a ſenſible alteration on the conſiſtency, 1, 
colour, the taſte, and, in a word, on the intimate ng, 
ture, of the latter. Such is the general idea hid 
we have reaſon to form concerning the exiſtence ag 
power of all the chemical phenomena of natural bodiz; 
concerning the ſpontaneous decompoſition and recon. 
poſition of minerals; concerning the cryſtallization 


er, a 
an el 
be (al 
ſtitut! 
ice to 
and, ] 
fluid. 


the ſolution, - the formation of ſalts, the vitrificati WI 
the metallization, the vitriolization, and the minen ral by 
zation, which are carried on in the bowels of the earth throug 
To this powerful agent we muſt likewiſe have recourk heat. 
when we attempt to form an idea of the alterations this pr 
which animal and vegetable ſubſtances are liable; ¶ degree 
the motion of the ſap in plants, and the mild ferme ly for 
tation which conducts them to maturity; of the fm rock-c 
tion of oils, the ſpiritus rector, mucilages, and . wore « 
colouring principle; or of the compoſition, the deem chan te 
poſition, the reciprocal changes, and the putrefadi quit 
of animal humours. All theſe important phenomena lubſtan 
pend, more or leſs, on chemical operations; and thi Fron 
heat which is diftuſed over the globe is the great pr mation 
ciple by which they are produced. It is at preled many o 
enough for us to have taken a general view of ti bapp 
great cauſe of motion, life, and death. We have be fulficier 
{ſketched the outlines of the picture; in what follo ſlate of 
we thall endeavour to fill them up with a nice # and the 
faithful hand, it to he: 
As the various eſſects of heat depend all on its poſt ſurround 
of ſeparating the particles of bodies, let us farther ot opp 
ſider this firſt effect. and attempt to eſtimate its influen i don be 
meets v 


Water in the ſtate of ice is ſoftened by a certain a 


3 
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of heat, melted, and reduced to fluidity by a great - 
er, and by a ſtill greater degree reduced to vapour, or 
an elaſtic fluid: ſo that water in a ſtate of vapour may 
be ſaid to contain three ſums of heat ;—that which con- 
ſtitutes ice of a certain denſity ; that which reduces 
ice to the ſtate of a liquid, rareſied to a certain degree; 
2nd, laſtly, that which rarefies the liquid to an elaſtic 
fluid. | 

When we attempt to apply this theory to all natu- 
ral bodies, they appear to be all capable of paſſing 
through theſe ſeveral ſtates if expoſed to a ſufficient 
heat, The only difference among them, in point of 
this property, is, that ſome may be reduced by a lefs 
degree of heat while others require a greater. It is on- 
ly for want of ſufficient heat that we cannot reduce 
zock-cryſtal to a liquid or a vaporous ſtate : nor is it 
more difficult to conceive the poſſibility of this event, 
than to conceive an habitually elaſtic fluid, ſuch as air, 
acquiring an extreme ſolidity, as happens to this very 
ſubſtance in various combinations, 

From theſe principles, it is eaſy to explain the for- 
mation of the elaſtic fluids which are diſengaged in 
many of the operations of nature and art. It uniform- 
ly happens, whenever a body receives and abſorbs a 
ſuſicient quantity of heat to cauſe it to paſs into that 
ſlate of fluidity which conſtitutes an aëriform fluid; 
and therefore all fluids that poſleſs this property owe 
it to heat. But it is alſo requiſite, that the preſſure of 
ſurrounding bodies, eſpecially the preſſure of air, do 
not oppoſe this extreme dilatation z or that the dilata- 
tion be ſo great as to overcome the reſiſtance which it 


meets with in the gravity of the air, Hence a body, 
H 4 | whether 
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whether nearer. to or more diſtant from the ſtate d 
elaſtic fluidity, may be eafily reduced to this ſlate by 
reheving it of the preſſure of the atmoſphere, as elaſtic 
fluidity always takes place in vacuo. Hence ep 
tion is moſt quick and copious on the tops of lofty 
mountains. Ahd hence too it becomes neceſſary u 
mention preciſely, in a detail of experiments, vid 
what degree of preſſure any body was reduced to u 
elaſtic fluid, or at leaſt what preſſure it can bear in thy 
ſtate : for it is alſo to be obſerved, that all the bodiz 
which can, with more or leſs eaſe, be reduced to the 
ſtate of vaporous or elaſtic fluidity, do not maintan 
themſelves in that ſtate with equal conſtancy ; nay, 
ſuch are the differences among them in this reſped, 
that they have been divided into permanent and nn 
permanent. The former remain long in the flate d 
elaſtic fluidity ; nor do they paſs from it, tall by fone 
new combination they are deprived of the ſubſtantul 
heat by which they were maintained in that ſtate, The 
latter, which may be denominated vapours, loſe thei 
elaſtic fluidity by degrees of preſſure or cold whid 
may be eaſily eſtimated, and readily communicate u 
ſurrounding bodies that portion of heat which con 
tutes them atEriform fluids. Of this kind are wate 
alcohol or ſpirit of wine, and #ther ; theſe three flud 
are reduced into vapours, and remain in that ſtate whet 
the barometer ſtands at 28 inches,—water at 2120 Fil 
renheit, ſpirit of wine at 180, 300, and ztherat 104 
It appears then, 1/7, That the fate of elaſtic fluiditys 
a mode of the exiſtence of bodies occaſioned by tl 
combination of heat with their other principles: 2h, 
That every elaſtic fluid is a compound, conſiſting of 
| 2 bat 
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vaſe of more or leſs ſolidity, and the matter of heat: 3dly, 
That the baſe of every elaſtic fluid requires a certain 
degree of heat to reduce it to yapour or elaſtic fluidity ; 
and that it is doubtleſs in conſequence of their poſſeſ- 
ſing theſe properties, that elaſtic fluids differ in gravity, 
elaſticity, &c. 75 

M. Lavoiſier has explained this theory with great 
perſpicuity, in a memoir printed among the Memoirs 
of the Academy of Sciences for 1777. 


that this diſtinction exiſts not in nature. It is relative 
to the moderate heat and preſſure of the atmoſphere 
to which we are expoſed in the climates in which we 
ve, and over many parts of the globe; and if the cold 
nd preſſure were more tonfiderable, even the fluids 
phich we at preſent conſider as the moſt permanent, 
would ſoon ceaſe to be ſo; and, on the contrary, æther 
nd ſpirit of wine would become permanent elaſtic 
aids at a certain height in the atmoſphere, or in the 
farm temperature of the equatorial climates. 

As the ſubſtance of heat, which contributes to the 
ormation of elaſtic fluids, exiſts in them in a combin- 
dor latent ſtate, and becomes not perceptible to our 


to combination with other.ſubſtances ; we have there- 
ore ſought for an expreſſion proper to denote heat in 
is ſtate, and have adopted the word caloric for this 
urpoſe ; becauſe in this ſtate heat may be actually 
ntidered as having loſt its original character, which 
recovers not till it be reſtored to a ſtate of liberty. 
belides, by affixing to it this denomination, we avoid 
the 


Although we have diſtinguiſhed elaſtic fluids into 
permanent and non-permanent, yet it is to be obſerved, 


enſes till thoſe bodies loſe their fluidity by entering 


* 
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the circumlocutions of the ſubſtance or matter of ben 
or latent heat, which have been hitherto applied toi 
Cooling, or the paſſing of heat into the ſtate of calojy 
and ignition, or the paſſing of caloric into the ſtates 
heat, depend both on the general law above laid dom 
that when bodies become more denſe, part of theirhex 
is exhaled. 1hus, whenever a gas or aëriform flu i 
combined ſo as to become a liquid or a ſolid, it loſs 
great part of its ſubſtantial heat; and to make it pu 
into that ſtate of denſity, it muſt be expoſed to the x: 

tion of ſome body, with which its baſe has a greater df 
finity than with heat. This is the general cauſe of th 
fixation of elaſtic fluids; and m this manner do they 
loſe that form by becoming fixed in liquid or ſolid by 
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dies. We may likewiſe obſerve that each of - ef boili: 
fluids loſes more or leſs heat in proportion as it become. 
more or Jeſs ſolid in the new combination, or in er; 01 
portion as this compound body is capable of contain ονανð⁴ 
leſs or more ſpecific heat. This obſervation explin 

why bodies burn with different degrees of rapidity; Derr 
why they give during combuſtion more or leſs flames Ps 


heat; and why the reſidues which they leave are nar: hrenh 


or leſs ſolid, &c.; which phenomena ſhall be more ion. 
ticularly mentioned in the following chapter. dut elde 
Laſtly, Since cold and preſſure are the two means o inco 
which elaftic fluids are condenſed, we may perhaps inter, 
at length able, by employing intenſe degrees of her the c 
to reduce all theſe from their gaſeous ſtate, and tool Proper ey 
their baſes pure and ſeparate, by expelling the us tem; 
ſtantial heat which maintains them in fluidity, Ti The ſe 
we may come to know the baſes of vital air, azote, | 3455 


tragene, or mephitic gas, hydrogenous gas, &c. tes a ſpi 
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has been already performed on the ſulphureous acid gas, 
which M. Monge has reduced to a liquid by means of 


an intenſe cold. 


6 VI. Of Heat as a Chemical Agent, and the ſeveral 
Ways in which it may be applied to Bodies. 


cnzuisrs employ heat, on account of the changes 
which it produces on bodies, both for decompoſition and 
combination. Their firſt object ſhould be to meaſure 
exattly the degrees of heat neceſſary to produce all 
poſſible alterations on any body expoſed to it. Theſe 
Wdegrees of heat are generally ganked under two claſſes; 


the firſt comprehending all degrees of heat below that 


of boiling water; the ſecond, all above that tempera- 
ture. The ſcale of the thermometer marks out the for- 
mer; our only means of determining the latter is the 
known fullbility of bodies. 


Degrees of Heat below the point of boiling Water. 


Tux firſt degree extends from 43“ 157 to 54 30“, 

ahrenheit's ſcale, This temperature promotes putre- 
action, vegetation, and gentle evaporation, &c. It is 
dut ſeldom employed in chemical operations, as being 
00 inconſiderable; in ſome macerations made during 
inter, however, it is neceflary. It is likewiſe uſeful 
vr the cryſtall ;ation of ſaline ſolutions, which after a 
oper evaporarion are put into caves, or other places of 
lis temperature. 

The ſecond of theſe degrees, extending from about 
55 45", to 779, continues to promote putrefaction, ex- 
les 2 ſpirituous fermentation in ſaccharine liquors, and 

is 


— SF oe — — „ — — 


124 Chemical Effect: of Heat. 


is favourable to evaporation and flow, cryſtallizangy, 
This is the uſual temperature of mild climates, IB 
employed for maceration, the ſolution of ſaline ſubſtan, 
ces, and fermentation, &c. 
The third diviſion or degree extends from about $86 
157 to 990 30'. It excites the acid or acetous fernien. 
tation in vegetables; and is ſufficient for the exfices, 
tion of plants, It is uſed to effect ſome ſolutions of ſalt 
and to produce fermentation. 
The fourth degree, which riſes to 133® 15', is callel 
the mean degree of hot water: this is the heat uſedin 
the veſlels called balnea maria. It deſtroys the orgy 
nization of animal ſubſtances, and volatilizes the ſub 
tler part of animal oils, more eſpecially of the ſpirity 
rector. It is employed in the diſtillation of thoſe yege. 
table and animal ſubſtances, of which we with to e btain 
tain the phlegm and the odoriferous part. legrees 
The temperature of boiling water 2129, is uſed in d. edge: 
coctions, and the extraction of eſſential oils. br this 
n inch 
| dy the | 
Tux firſt degree or diviſion makes glaſs red, bum er incl! 
organized ſubſtances, and melts ſulphur. ame me 
The ſecond melts the ſofter metals, tin, lead, bi-'ltered, 
muth, and ſuch glaſſes as are moſt eaſily reduced u has 
ſtate of fuſion. The b 
The third effects the fuſion of moderately hard met ed by b 
ſuch as zink, regulus of antimony, filver, and gold. le on tl 
The fourth burns porcelain, and melts' the more es, a 
fractory metals, cobalt, iron, and copper, &c. 
The laſt and moſt intenſe degree exiſts in the foi 


of a burning-glals, This temperature calcines, bum 
aud 


Degrees of beat above the boiling point. 
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and vitrifies in an inſtant, all bodies ſuſceptible of com- 
buſtion, calcination, or vitrification. A fimilar heat 
may be excited by pouring from a blow-pipe a ſtream 
a vital air or oxigenous gas upon a piece of coal. M. 
Monge is of opinion, that by preſenting to combuſtible 
dodies, when in a ſtate of inflammation in a furnace, a 
quantity of compreſſed atmoſpheric air, the ſame effect 
might be accompliſhed which is produced by vital air. 
This proceſs may be one day or other rep” to very 
important purpoſes. * 
Though theſe degrees above the heat of boiling wa- 
er be determined by phenomena which are well 
own to chemiſts, yet they have not hitherto been 
eaſured with all the preciſion that could be wiſhed. 
It is therefore an object of the utmoſt importance to 
obtain an inſtrument capable of pointing out the exact 
legrees of heat employed in theſe operations. Mr. 
Vedgewood in England has conſtructed a thermometer 
vr this purpoſe : it conſiſts of ſmall pieces of clay half 
n inch in diameter. Theſe pieces, when contracted 
the heat, fall between two graduated rulers of cop- 
der inclining towards each other upon a plate of the 
ame metal; and thus ſhow what contraction they have 
uffered, and of conſequence to what degrees of heat 
hey have been expoſed ( Four. de Phyſ. Ann. 1787 K.) 
The heat neceſſary in chemical operations is produ- 
Fed by burning charcoal, or common mineral coal. We 
e on theſe occaſions furnaces of different forms and 
james, according to the different purpoſes for which 
they 


* There is an accurate deſcription of this ingenious contrivance, by 


inventor himſelf, in the Engliſh Philoſophical Tranſactions for 
92.—l. 
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they are iotended; ſuch are the furnaces for digetiy 
and fuſion, the reverberating furnace, the wind * 
nace, and the cupelling furnace. A ſingle furnace, pr. 
perly made, is often ſufficient for the purpoſes f g 
theſe ; and it is then called a Polychreſt furnace, Th 
reader may conſult on this head the Chemical Dy, 
tionary of Macquer, who has contrived a moſt excel 
Jent and uſeful furnace; Baume's Chemiſtry, Port' I; 
thogeognoſia, and Abbe Rozier's Journal de Phi 
in which there are deſcriptions of various furnaces a 
ſtructed by different chemiſts, The flame of oil, or 
rit of wine, is alſo employed ſometimes in N 
ces adapted to the purpoſe. 
The manner in which fire is applied to bolles h 
chemical proceſſes, likewiſe deſerves ſome explanatig 
If the combuſtible body be applied immediately to in 
: ſubſtance on which you wiſh the fire to act, the operati Caleir 
is then ſaid to be managed with naked fire, But . proc 
intermediate body is often put between the fire and ed ot 
ſubſtance expoſed to its action; hence the names Wl...... i 
neum marie, ſand-bath, cinder-bath, dung-bath, & | metall 


cation 


The form of the veſſels made uſe of in ſubjedw ceſs 25 
bodies to the action of fire, and the various phenon In fofic 
exhibited by bodies under the influence of heat, hat to a 1 
cauſed a great variety of operations to be diſtinguil;. opera 
by peculiar names. Such are roaſting, calcination, WWF baked 
ſion, reduction, vitrification, cupellation, cement cones 3 


tion, ſtratification, detonation, decrepitation, ſu ration. 
nation, ſublimation, evaporation, diſtillation, red ater a c 
cation, concentration, digefiion, infuſion, decod dts, or b 
lixiviation. All theſe operations are performed by ln reds 


action of fire, and enter into the practice of chemi. ate, 
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ad we ſhall therefore give a ſhort explanation of each 
ff them. * 

Roaſting is a preliminary operation, which prepares 
netal ſubſtances for undergoing a ſeries of ſucceed- 
g ones, dividing: their conſtituent particles, volatili- 
ing ſome of their principles, and producing a certain 
eration on their nature. Mineral ores are expoſed 
p this proceſs on purpoſe to ſeparate the ſulphur and 
enie which they contain, and to diminiſh the cohe- 
n of their particles. Capſules of earth or iron, cru- 
ibles, and roaſting pots, are the veſſels in which it is 
ually performed; and it is generally expoſed-to the 
ceſs of the external air. Sometimes, however, the o- 
mation is performed in cloſe veſſels; and. two crucibles, 
ted month to mouth, are commonly employed on ſuch 
cafions. 

Calcination is, as it were, a more advanced ſtage of 

te proceſs of roaſting. By this proceſs minerals are de- | 
ved of their water and ſalts; it likewiſe reduces cal- 
rreous ſubſtances to the ſtate of quick-lime, and metals 
metallic oxides. The fame veſſels are uſed in this 
veeſs as in the former. | 
In fuſion, a body is cauſed to paſs by fire from a ſo- 
to a fluid ſtate, The chief ſubjects ſuſceptible of 
Is operation are ſalts, ſulphur, and metals. Crugibles 
baked clay of various kinds and figures, with metal- 
cones and ingot moulds, are the inſtruments for this 
peration, Theſe laſt are employed to give the melted 
atter a certain form ; which they mould into bars, in- 
its, or buttons, 

In reduction or revivification, the calces of me- 
$ are, by means of fire, with charcoal or oils, re- 
ſtored . 
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ſtored to the metallic ſtate which they loſt by calin, 
tion. 

Vitrification is the fuſion of ſuch fubſtances az 1 
capable of aſſuming the brightneſs, tranſparency, wy 
hardneſs of glaſs. Vitrifiable earths with alkalis, wi 
the oxides of metals, are the chief of the ſubſtances ia 
jected to it. | 

Cupellation is the purifying of perfect metals, by the 
extraction of ſuch imperfe& metals as are intermine 
with them. This is performed by the addition of a 0 
tain quantity of lead to the mixture, and the expoliy 
of it to a due heat; which vitrifies the lead, and toy 
ther with it the imperfect metals of the original mi 
ture, leaving the perfect in a pure and ſeparate flats 
This operation derives its name from the veſſels uſed i 
it. Theſe are a kind of flat crucibles, reſembling tle 
ſmall cups known under the name of cupels ; and tl 
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ſubſtance of which they are compoſed, being the ei mon 
of bones, is ſufficiently porous to abſorb and retain tl more q 
lead that is ſcorified by the heat, In fulmit 
The name of cement is given to powdered ſubſtancyonbulti 
with which other ſubſtances expoſed to their ad ublim 
are carefully covered over. Thus, iron is covered oh" <rylta 
with powder of charcoal, that it may be converted ins vſed 
ſteel ; and glaſs with plaſter or ſilex, to change it inſÞ"vcibles 
a kind of porcelain. The proceſs by which this i 6p", ara 
fected is cementation, and requires the action ſometi tion of 
of a very ſtrong fire. the na 
Stratification is an operation nearly ſimilar to M me! 
preceding. It conſiſts in arranging ſeveral ſolid wane more 
ſtances, uſually in in horizontal layers, and intetmueßßß the ſu 
with certain pulvexiſed bodies, to alter their nat * 
eile ob. . 


- 


. 
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pable of bearing the action of fire. This has received 
the name of ſtratification, becauſe the ſubſtances are diſ- 
od in ſtrata or layers, one riſing above another. 
dur, in order to effect their combination. This pecu- 
Jar arrangement of ſubſtances, named fratification, is 
ten employed preparatory to fuſion, calcination, vitri - 
fication, &c. | 

Detonation is peculiar to nitre and the mixtures into 
phich it enters. It is the exploſion of ſuch bodies when 
eated in open or cloſe: veſſels. Decrepitation differs 
tom detonation only as producing a fainter noiſe, 
hich is merely a kind of crackling ſound ; it is pecu- 


kryſtallized ſo rapidly, that the cryſtals formed burſt in- 
minute pieces. This has been obſerved chiefly of 
mmon ſalt, or muriate of ſoda. Fulmination is a 
more quick and hvely detonation ; ſuch as takes place 
In fulminating gold, fulminating powder, and in the 
ombuſtion of inflammable gas and vital air, &c, 


n cryſtallized ſubſtances by means of fire. The veſ- 
, uſed in ſublimation are glazed earthen pots, earthen 
nucibles with glaſs heads, and pots of earth or poree- 
un, arranged one above another, and joined by the in- 
tion of their necks one into another, which are known 
the name of aludels, &c. Sulphur, arſenic, cinnabar, 
any mercurial preparations, ſome vegetable ſubſtan- 


e the ſubjects of ſublimation. 


Lyaporation is the action of heat on liquids, to dimi- 
You, I. I | niſh 


vither in a crucible or in ſome other ſuitable veſſel ca- 


opper and filver are treated in this manner with ſul- 


ar to certain ſalts; which from a ſtate of ſolution are 


Sublimation is the volatilizing of dry, ſolid, and oft- 


„ more eſpecially camphire and flowers of benzoin, 


— 
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niſh their fluidity and quantity, and to obtain the f 
bodies diflolved them in a ſeparate ſtate. Thus, wee 
vaporate the water of the ſea and of falt fprings, in g 
der to obtain the falt which they contain. This open, 
tion is performed in capfules, jars, earthen or glak en, 
poratories, and ſilver pans, according to the nature & 
the liquid to be evaporated. The evaporating ſubſtan 
is expoſed to the contact of the air, in order that the m 
ter, the body to be carried off by volatilization, may di 
fuſe itſelf through the atmoſphere, and that the ar h 
its ſolvent power may promote the evaporation. placed 

Diſtillation is an operation nearly ſimilar, but ene 
formed in cloſe veſſels. It is uſed to ſeparate volatis ""__ 
from fixed principles by means af fire. The difſtillatoy 
veſſels are alembics and retorts. The firſt conſiſt aft 
lower veſſel named a cucurbite, intended to contain the 
body to be diftilled, and an upper part or capital eu 
ly fitted to it; the purpoſe of which is to receive the 
volatilized ſubſtance, and condenſe it by the coldneh 
of its temperature (which is maintained bythe contad 
of the external air, or of water ſurrounding it); whe 
water is ufed, the veſſel containing it, into which tif 
upper part of the alembic is immerſed, is called a cn 
or refrigeratory. From the lower part of the capi 
there proceeds a kind of beak or ſpout, through-whid 
the vapours paſs into a pipe, where they are condenled 
into a liquid: from this pipe the liquid thus obtaineds 
conveyed into other veſſels, which are commonly of! 
ſpheric form, and are named receivers, Theſe recei 
ers are of various forms and names, matraſſes, balloots 
&c, A retort is a kind ot glaſs, ſtone, or metal botik, 


of a conical form, with its extremity bent, ſo as to mak 
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an acute angle with its body; and on this account has 


t received the name retort; Diſtillation has been ra- 
ther improperly diſtinguiſhed into three kinds, namely, 
Jiftilation aſcending, per aſcenſum ; diſtillation deſcend. 
ing, per defeenſum'; and lateral diſtillation, per Jatus. 
This diſtillation is warranted only by the exterior form 
of the veſſels made uſe of. The volatilized matter has 
always a tendency to aſcenſion : But diſtillation per- 
formed in glaſs or metal alembics has received the-pe- 
euliar denomination of aſcending, becauſe the capital is 
placed over the cucurbite, and the vapours are ſeen to 
aſcend, The diſtillation performed in retorts is called 
lateral, becauſe the beak or neck of that veſſel comes 
out at the fide of the apparatus; but the cavity of the 
retort in which the vapours are condenſed is higher than 
its neck, and the diſtilled ſubſtance paſſes through that 
cavity, before reaching the neck. As to diſtillation de/- 
cending, it was an operation which ſcarce ſervedany pur- 
poſe, and is now no longer uſed; its products were always 
na very bad ſtate, and great part of them was loſt in the 
proceſs. It was performed by ſpreading a piece of cloth 
over the mouth of a glaſs, placing upon it ſome vegetable 
ſubſtance, and covering this with the ſcale of a balance, 
or with a capſule of metal containing ſome live coak. 
This mode of diſtillation was formerly uſed in pharma- 
ey and perfumery, for obtaining the effential oils of 
ſome odoriferous ſubſtances. The product paſſing 
through the cloth dropped into the glaſs, which was al - 
ways half full of water, to cool the oil; but moſt part 
of the eſſence was always loſt on the cloth and the me- 
tal plate above. A more uſeful diſtinction is that which. 
regards the manger in which the ſubſtances to be diftil- 

h I 2 led 
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led are warmed. This -is performed either. with the 


Balneum marie, by dipping the cucurbite in boiling «: oe 
ter, or with the vapour, the ſand, or the cinder-bath, q ble; 
with naked fire, - It is alſo effected by means of th 1 
flame of a lamp, and by that of ſpirit of wine. * 

Rectification is a ſecond proceſs of diſtillation, th * 
object of which is to purify a liquid ſubſtance, lug Int 
heat is employed to carry off the pureſt and moſt vck ing v 
tile part, leaving the more fixed matter, which deal wht 
it, in a ſeparate ſtate ; as is done, for in with N de 
rit of wine, æther, &c. bark, 


Concentration is the direct contrary of retificatin Wir, :. . 
its object being to volatilize part of the water, and ub! 
improve the ſtrength of the fluids concentrated. Ty Des 
matter to be concentrated therefore muſt be of ſupemi bg 
gravity to water. This operation is performed on ſong parts 
acids, particularly on the ſulphuric and the phoſph e ; 
ric; it is alſo employed in ſolutions of alkalis and bons c 
tral ſalts. 1 

Digeſtion is the expoſing of ſubſtances which we nil lymph 
to act gently on one another to a gentle and long berts 
tinued heat. It is chiefly uſed to extract thoſe parts A x 

vegetable ſubſtances which are ſoluble in ſpirit of wMc:n6d; 
or other fluids. Chemiſts formerly put great confidenc in rl 
in this operation. Though that confidence ſeems to han 
been juſtly due, as it appears from many painful rele 
| ches, that too active or too rapid a fire alters the nat 
of moſt vegetable and animal ſubſtances; yet modes 
chemiſts do not depend on this proceſs with the n 
enthuſiaſm as the alchemiſts of old. The patient ion 
try of theſe men was often employed for a ſera 
years on one proceſs of digeſtion: for by ſuch p * 
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they expected to perform wonders. Digeſtion is now 
S .,ofined to dyeing ſtuffs, elixirs, and liquors for the ta- 
ble; it is always ſucceſsfully employed to extract the 
principles of vegetables and animal matters, without al- 
tering them. It is likewiſe uſeful in ſeveral operations 
in minerals. 

Infuſion is a well-known proceſs : it conſiſts in pour. 
ing warm or boiling water on ſubſtances of which we 
wiſh to extract the moſt ſoluble parts, and of whichthe con- 
texture is ſo ſlight as to be eaſily penetrable, ſuch as thin 
bark, wood in ſmall thin pieces, leaves, flowers, &c, 
It is of great uſe for ſeparating ſubſtances that are eaſily 
ſoluble, and is often employed in chemical operations. 

Decoction, or the continued ebullition of water with 
ſubſtances on which it acts, is uſed to ſeparate thoſe 
parts of bodies which are not ſoluble by a more mode. 
nte degree of heat. It produces conſiderable altera- 
tions on vegetable and animal matters; often effecting 
an entire change of their properties. It coagulates the 
lymph, melts greaſe and roſin, and hardens the fibrous 
parts of a vegetable or animal. When the chemiſt is 
vell acquainted with its effects, he may employ it with 
conſiderable advantage. 

In the proceſs of lixiviation, we diſſolve, by means of 
am water, the ſaline and ſoluble particles of cinders, 
he reſidues of diftillation and combuſtion, coals, and 
ich natural earths as we wiſh to analiſe. This ope- 
tion very naturally derives its name from the lixivial 
ts which are obtained by means of it. The word / 
re is at preſent uſed in France as ſynonymous with /ix- 
mation, and is even more frequently uſed, This o- 
eration, then, is merely a ſolution effected by means of 
I 3 heat: 
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heat: it is like wiſe nearly ſimilar to infuſion; the only 
difference is, that the latter is applied to vegetable an 
animal matters; while lixiviation is only employed 9 
obtain ſubſtances poſſeſſing ſome of the properties q 

minerals. | 
Theſe are all the operations in chemiſtry. in which 
fire is called in to act a part. Formerly, indeed, ng 
chemical operation was performed without the help d 
this agent: and the ſcience was on that account named 
Pyrotechny. But as methods of analiſing bodies ban 
been ſince diſcovered which are much leſs liable to: 
ror and more certain in their reſults; the agency d 
fire is now much leſs uſed in chemiſtry than former 
ly. The action of ſolvents, or menſtrua, employel 
in a cold tate, or in the ordinary temperature of the 
atmoſphere, is often ſufficient to accompliſh the nal 
ſurpriſing changes on natural bodies, and affork 
ground for the moſt accurate inductions. This metholf 
has been applied to the examination of falts, earthy 
and vegetable matters, &c. with the happieſt ſuccels 
Heat is no more than a ſecondary mean, a kind of au- 
iliary that affords ſome afliſtance on ſuch occaſions 
4 As different degrees of heat are requiſite in differen 
= operations, it would be a happy circumſtance f 
| ſome means were contrived, by which we might beer 
abled to apply always the ſame preciſe degrees of heat 
when the ſame effects were wanted. -Chemiſts and 
philoſophers have long wiſhed for a furnace whid 
might afford regular and uniform degrees of heat: 
Hitherto, however, the manipulations of artiſts han 
given the only means that can in any degree ſerve tba 
purpoſe, But perhaps it is not impoſſible to obtain thi 
- precifiit 
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preciſion which we deſire, and of which the utility is 
© obyious. Dr Black is ſaid to have invented a kind 
furnace, by which he can command a regular and 
uniform heat by means of a damping-plate with holes, 
rhich may be opened or ſhut at pleaſure. We have 
ot received a ſufficiently accurate deſcription of it, to 
nable us to conſtruct any on the ſame model. But we 


p pe that a diſcovery ſo beneficial to chemiſtry will no 
eie long unknown in France *. | 
bay 


* For meaſuring Hear with the accuracy which is requiſite for the 
purpoſes of ſcience, the following means and inflruments have been em - 
loyed, g 

1. Graduated glaſs tubes, filled with different ſubſtances which ate 
refiable by heat, and named TyrzmoneTERs. Of theſe, the Tazx- 
overess filled with mercury, have now almoſt ſuperſeded the uſe of 
termometers filled with fluids, The THzxMOMETERS the moſt com- 
only in uſe, are thoſe of Fahrenheit, Reaumur, and Celfius. The ther- 
unter of Fahrenheit is that generally uſed in Britain. Reaumur's ther- 
r is commonly employed by the French philoſophers. A de- 
ree of Fabrenheit's thermometer is equal only to 5 of a degree of Reau. 
ws; and to 5 of a degree of Celfius' thermometer. To reduce the de- 
rees of Reamur, to the degrees of Fahrenheit, multiply by 9, and di- 
de by 4. To reduce the degrees of Ceſſius to thoſe of Fahrenheit, 
ulply alſo by 9, but divide by 5. 

2. The well known pyrometer of Muſchenbroek. 

3- Mr. Leidenfroft having obſerved, that the hotter a metal is, ſo 
ach the more lowly will drops of water evaporate from its ſurface ; 
4 applied this principle to the meaſurement of the higher degrees of 
eat, On iron heated to the degree of boiling water, a drop of water 
Naporates in one ſecond; On melted lead, in 6 or 7 ſeconds: On red - 
vt iron in 30 fecond At 5209 Fahrenheit, the hot body evaporates 
crop of water in 89 ſeconds. 

4. The pureſt clay ſhrinks in the fire, in proportion to the heat ap- 
ed to it, And upon this principle, the ingenious Mr Wedgewood con- 
utted one of the beft pprometers with which we are acquainted. Itconſiſts 
2 graduated gauge; the rule of which is divided into 240 equal parts, 
ch being ij of an inch and of other pieces of the ſame clay, baken 
ured heat, and of given dimenſions, which are applied to the heat 
to 
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to be meaſured, and are then again applied to the graduated gage. 


which ſhows how much they have ſhruak, and by conſequence affor 
a meaſure of the heat to which they have been expoſed. 

5. The inſtrument of Meſſrs. Lavoifier and De la Place, for meaty, 
ing heat by the melting of ice, is perhaps more accurate than ary 6 
ther pyrometer. It eonſiſts of three circular veſſels, nearly inſcrdy 
in each other; and affording three ſeparate capacities, or receiniy 
ſpaces. The interior cavity, formed by an iron grating, upon ſuppay 
of the ſame metal, and cloſed on the upper part by a cover, is beit. 
ed for the reception of the body ſubjected to experiment. The mic 
cavity contains the ice, the melting of which 1s to meaſure the heat 
ven out by the body under experiment. The exterior cavity contay 
ice intended to preclude any heat out of the atmoſphere, from pal 
into the middle ice, which is to be melted by the heat of the trier 
dy alone. The water produced by the melting of the middle ict 1 
weighed ; and its weight affords a meaſure of the heat given out. | 

For the deſcription of Dr. Black's furnace, ſee the Edinbuyb Ny 
Diſpenſatory, 4th edition, pages 48, 49, 50, 51, with bg. u 63 
of Plate I, —H. 


CHAR 


( 0 
ly ſuſc 
and c 
certail 
wile 1 
or pore 
moſph 
pure a 
the ſu1 
of cha 
lee, h 
well k 
fluids « 
lantly 
to conf 
a Natu! 
preciſe 


Wd; th 


(itferex 
tion; \ 
part of 
ogy, a 
Mage 


CHAP. v.. 
Of Atmoſpheric Air. 


('0MMON air is an inviſible, inodorous, - infipid 

fluid poſſe ſſed of gravity and elaſticity, extreme- 
ly ſuſceptible of motion, and capable alſo of rarefaction 
and condenſation, which encompaſſes our globe to a 
certain height, and compoſes the atmoſphere. It like- 
wiſe inſinuates itſelf into, and occupies, the interſtices 
or pores between the integrant parts of bodies. The at- 
moſphere which encircles our globe is far from being 
pure air. As it receives all the vapours that ariſe from 
the ſurface of the earth, it may be conſidered as a kind 
of chaos, or heterogeneous mixture. We ſhall ſoon 
ſee, however, that its nature is at preſent pretty 
well known, Water, mineral exhalations, and elaſtic 
fluids diſengaged from minerals and metals, are inceſ- 
lantly carried up into the atmoſphere, and may be ſaid 
to conſtitute its elements. The objeAs of attention in 
a natural hiſtory of the atmoſphere are, its height, the 
preciſe degree of which is not yet accurately determin- 
ed; the variations to which it is liable; its gravity ; its 
litterent ſtrata; the effects of its rarefaction and dilata- 
ton; winds, and meteors, But theſe come under that 
part of phyſics which is known by the name of meteor- 
egy, and form no part of the province in which we are 
tlgaged, Yet as air has a powerful influence on che- 
mical 
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mical phenomena, and it is of conſiderable importance 
to know the nature and extent of that influence, ye 
ſhall here examine both the phyſical and the chemicy 
Properties of air. 


ſtance 
bodies 
clolen 
tute. 

Air, 


CI. Of the Phyfical Properties of Common Air, bot to 
\ 
FL uiorrr, inviſibility, inſipidity, gravity, elaſticiy, Ky 
and negation of ſmell, may be conſidered as the phyk broper 
cal properties of air. Each of theſe merits a particuly ige ul 
examination. ated 
Such is the rarity of this fluid, that it readily yielb ano 
to the ſlighteſt impulſe, changing its ſituation on e py 
ſmalleſt motion of bodies immerſed in it. This kind i uma 
fluidity depends on the degree of its aggregative force; Natu 
and as it is not confined to atmoſpheric air, but is foul WK; bod! 
to characteriſe ſeveral other fluids, theſe are call. nen 
aeriform fluids, or gaſes. What conſtitutes the pe ud, as 
liar nature of aerial aggregation, is, incapacity to r occa! 
into a ſolid ſtate ; contrary to what moſt liquid bodie 'punge 
are ſuſceptible of. But this, however, no more i bes 
be underſtood, than that hitherto we have not been: Vounds, 
ble to apply to it any degree of preſſure or cold ſuſie ed 
ent to accompliſh this effect. This is the diſtinguilbngWref:; b) 
charaQeriſtic of permanent gaſes. The fluidity of el fron 
air expoſes it to thoſe frequent and rapid motions id ngenc) 
conſtitute the winds, It is not, however, capable of e by wou 
netrating into all bodies. Tranſparent matters, througW iong o 
which light readily makes its way, are ſecure agu pedes 
the impulſe of air. Water, ſolutionsvf ſalts, oils, are beer 
ſpirit of wine, paſs through many bodies whoſe cores may 
texture is ſuch as not to admit air, Thoſe liquid ſub er with 


ſtances 
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ſtances are endowed with the property of dilating ſuch 
bodies, enlarging their pores, and diminiſhing the 
goſeneſs of their contexture; of which air is deſ- 
tute. a 

Air, when confined in veſſels, is abſolutely inviſible, 
wot to be diſtinguiſhed from the glaſs that contains it: 
ren when entirely filled with this ſubſtance, phials 
weſent to the eye a ſeeming vacuum. It owes this 
property of inviſibility to its tenuity and the ready paſ- 
age which it affords to the rays of light: theſe are re- 
Qed, without being reflected by it. And it is therefore 


rate of colour; though ſome natural philoſophers 
re perſuaded themſelves that they diſcovered large 
a olumns of it to be blue. 

e; Naturaliſts have uniformly conſidered air as an inſi- 
ol Wi body. Yet, in attending to what happens, when 
l 


he nerves of animals are expoſed to the contact of this 
uid, as in the inſtance of wounds, and on other ſimi- 
it occaſions, we cannot but obſerve that it has a kind 
pungency; of which we are not generally ſenſible, 
y becauſe we are ſo conſtantly accuſtomed to it. 
'ounds, when uncovered and expoſed to the air, are 
feed with an acute pain. A new-born infant ex- 
reſſes by its cries- the diſagreeable ſenſations which it 
Fels from the firſt contact of the external air. This 
ngency of the air is to be conſidered as the reaſon 
ay wounds that are expoſed to it, uncovered, remain 
long open. Atmoſpheric air, in the ſame manner, 
pedes the growth of new bark on ſuch vegetables as 
we been ſtripped of their covering. In order that 
ees may regain their bark, they muſt be covered o- 
'vith ſome body which may exclude the air. 

As 
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Air is perfectly inodorous. If the atmoſphere fame: 
times affect our organs with a kind of fetid ſmel| 
this is to be attributed to the extraneous bodies that 
are mixed with it; as may be obſerved in miſts an 
vapours. N 

The gravity of air is one of the fineſt diſcoveries & 
natural philoſophy : the fact was never certainly 
known till about the middle of the laſt century; though 
Ariſtotle indeed is ſaid to have known that a bladde 
was heavier when filled with air than when empy, 


The ancients had no diſtin idea of the gravity of a WA the c 
but aſcribed to a certain occult quality, which the prop 
called abhorrence of a vacuum, all thoſe phenomen watet 
which depend on the weight of this body. Cerm the 
workmen finding it impoſſible to raiſe water by a puny efec 
above the height of two and thirty feet, were inducel ar to 
to conſult the famous Galilæo on the occaſion, H Pump. 
was amazed at the phenomena. Death prevented hin W*tern 
from diſcovering the reaſon of it; but this was after Fach 
This 


wards diſcovered by his diſciple Torricelli in the follox- 
ing manner. He reflected, that water could not m eval 
in a ſucking pump, without being impelled by ſome ex- nle to 1 
terior cauſe, the preſſure of which forced it to fol the 
the motion of the piſton. The influence of that cui laid 
muſt be limited, ſince it never raiſed the water abo Noun 
the height of two and thirty feet. Therefore, it weight 
were to act upon a body of greater ſpecific gravity ſequenc 
than water, it would raiſe that body only to a heigit the fam 


proportioned to its gravity. He next took a glaſs tub Opinions 

ſix and thirty inches in length, and hermetically (calel ©” ihe 

at one end: this he filled with mercury, holding ti g 
e bar 


cloſe end down, and ſtopping the upper end with bs 
| finget, 
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finger, after he had poured in the mercury: then, turn- 
ing the cloſe end up, he immerſed the other into a veſ- 
ſel full of mercury; and upon removing his finger, 
ſound that part of the mercury in the tube had fallen 
down into the veſſel, but that a conſiderable quantity 
dill remained; which after various oſcillatory motions, 
at length ſettled at 28 inches. By comparing this with 
the height of 32 feet, to which water roſe in the pumps, 
he perceived that the difference of the elevations; to 
which theſe two fluids roſe was in exact proportion to 
the difference between their ſpecific-grayities; for the 
proportion of the ſpecific weight of mercury. to that of 
water is as 14 to 1, and the water roſe 14 times as high 
as the mercury. It was not, however; till after long 
reflection, that he began to conjecture the weight of the 
air to be the cauſe why fluids were thus ſuſpended in a 
pump. Nor was the exiſtence of this weight certainly 
determined, till after the wenn experimen which 
Paſchal directed to be made in France. 

This celebrated philoſopher imagined, that if it were 
actually the weight of the air which cauſed water to 
tile to the height of 32 feet in a pump, and mercury 
to the height of 28 inches in Torricelli's tube, theſe 
lluds would riſe to ditterent eleyations on the ſummit of 
a mountain and in a vale ; as in the former caſe the 
weight of the atmoſphere muſt be diminiſhed. In con- 


Wicquence of this ſuggeſtion of Paſchal's, Perrier made 


the famous experiment which finally determined the 
opinions of philoſophers concerning this phenomenon, 
on the 19th September 1648, at the foot and on the 
ſummit of the mountain Puits de Dome, in Auvergne. 
The barometer, or Torricellian tube, being filled with 
mercury, 
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mercury, and fixed to a ſcale of 34 inches; divided into 


inches and lines, the mercury roſe about four inches * 
higher at the foot of the mountain than on its ſummit WY colu 
which is 300 toiſes higher. From this it was detem I ball, 
ned that the mercury varied about an ineh for eren M bard 
hundred fathoms: and the barometer has fince thatum I ſubſt 
been very ſucceſsfally Re to the nag of WT ina; 
the height of mountains. the (i 
The weight of the air hab on ingame on mam heat « 
phyfical and chemical phenomena. It compreſſes I tub 
bodies, and reſiſts their dilatation ; it oppoſes the ew the ef 
poration and volatilization of fluids: and to it the A inſtru 
ters of tlie ſea owe their liquidity; for they woul oompt 
otherwiſe be reduced to vapour, as may be obſerred that : 
fluids placed in the vacuum produced by the air pum bulk. 


Air, by its gravitation on our bodies, retains both the Hea 
ſolids and fluids in their proper places: and the bloolfpreliv: 
often burſts through the ſkin, or from the-lungs, ax 
the tops of mountains, occaſioning hemorrhagies; 
cauſe the gravity and preſſure of the air are there cot 
ſiderably diminiſhed. | 
Laftly, air poſſeſſes great elaſticity. However firon 
ly compreſſed, it inſtantly returns to its former nm 
aſſoon as the compreſſing cauſe ceaſes to act uponi 
The truth of this aſſertion is proved by a great mat 
experiments. We ſhall here mention only the mal 
obvious and moſt concluſive of thoſe phyſical facts 
which it is evinced. Take a tube of glaſs, bent unto 
form ſomewhat like the letter U, and cloſe at one end 
fill it nearly up with air, and then pour in a quant 
of mercury to prevent the air from eſcaping: you 


thus comprels the air ſo as to know what degree 
comprello 
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compreſſion this elaſtic fluid is ſuſceptible of, by com- 
paring the diminution of its bulk with the height of the 
dolumn of mercury employed to compreſs it. A foot- 
hall, which being filled with air 'rebounds from any 
hard body, affords another proof of the elaſticity of this 
ſubſtance. The fountain. by compreſſed air, gives an 
inſtance of the ſame fact: Air being compreſſed into 
the ſuperior part of this veſſel, is ſoon dilated by the 


. 2 Mo F- © * 2 ©>- 


z tube to a confiderable height,” Laſtly, the wind-gun, 
the effects of which are generally known, is another 
inſtrument for ſhowing the elaſticity of air, and the 
compreſſion of which it is ſuſceptible. It is computed, 
that air may be compreſſed into ,zxth of its ordinary 
bulk, 

Heat, which rarefies it by counteraQing any com- 
preſſive force to which it is expoſed, ſhows that it is no 
&& capable of enlarging its bulk by dilatation. If a 
bladder full of air be expoſed to the heat of a furnace, 
the air will be dilated ſo as to burſt the bladder with a 
violent exploſion, This is likewiſe often the cauſe of 
be burſting of the veſſels in chemical operations; 
againſt which, however, proper precautions are now 
opted, The diminution or total abſtraction of the 
eight of the atmoſphere, which is effected by the air- 
pump, affects a bladder filled with air in the ſame man- 
ras a violent heat. 

The reader will naturally conclude from this ac- 
ount of the gravity and elaſticity of air, that many of 
Ihe variations which we obſerve in the atmoſphere and 
on the barometer are owing to theſe properties. In 
add, the inferior ſupport the ſuperior ſtrata of the at- 

| moſphere ; 


<< 


heat of the atmoſphere, ſo as to force the water out by 


_ Co __— = — 


aroſe the name fixed air, which was at firſt given indi 
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moſphere ; and the. compreſſion of à ſtratum of air x 
always ſmaller-or greater in proportion as ãt occupies an 
higher or lower ſituation, Heat alſo, which is-cop. 
ſtantly varying, has, the power of modifying this graji, 
ty and elaſticity. + Theſe- are the reuſons why vir 
found to be. hghter, keener, and more agitated, &, 
on the tops of mountains, than on plains and other len 
elevated ſituations. To | underſtand thoſe aſtoniſhing 
phenomena. which the barometer: offers to our atten. 
tion, we muſt ſtudy the gravity and elaſticity of the 
atmoſphere, as well as the changeszo which it is liable 
from the influence of heat. M. & Luc and M. Saul 
ſure,, have for ſome years paid much attention to thi 
claſs of the phenomena of nature. 


8 II. Of the Chemical Properties of Common Air, 
Tux properties above deſcribed are all that were 
ancieatly conſidered by philoſophers as belonging to 
air. Several chemiſts, at the head of whom Van Hel 


mont, Boyle, and Hales, deſerve to be ranked, obſery- ances 


ing that air, or at leaſt a fluid with all the apparent - 
properties of air, was obtained in the analyſis of may Wen 
pre con 


natural bodies, inferred, that this element ſubſiſted n 


thoſe bodies in a combined and fixed tate. Hera bos 


| heat 
ters, ( 
eſe in 
in any 
mation, 
duſtible 
Cale wi 


ferently to all the elaſtic fluids obtained in chemical 
operations, The above mentioned philoſophers ſup 
poſed theſe ſubſtances to be of the ſame nature with . 
moſpheric air: But Dr Prieſtley has diſcovered a numbes 
of elaſtic fluids, which, though apparently the fame 
with common air, yet differ from it in many reſpeds 


We Vo 


we muſt then have recourſe to other qualities, if we 
wiſh to diſtioguiſh atmoſpheric air from the other abril 
vm fluids, which like it are inviſible and elaſtic. Its 
chemical properties afford the only criterion on which 
ve can eſtabliſh this diſtinction. 

ln examining the diſtinctive properties of air, we * 
two which are peculiar to it, and may very well ſerye 
to mark its character; one, its being favoufable to com- 


Ne 
lein animal life in reſpiration. Let us carefully exa- 
mine theſe two great phenomena. 


It is exceedingly diſſicult to give a good Jefivitidn 
ff combuſtion. It is not one, but a number of pheno- 
mena which combuſtible bodies offer to our obſervation, 
when they are heated and expoſed to the action of the 
ur. The chief of them are heat, motion, flame, redneſs, 
and the change of the nature of the ſubſtance that is 
burnt, There are many varieties among combuſtible bo- 
des. Some of them burn briſkly, and afford a brilliant 
ame, ſuch as oils, wood, reſinous and bituminous ſub- 
lunces, &c. : others burn away without producing a diſ- 
ermble flame; as for inſtance many of the metals, and 
charcoal which has been properly prepared: others again 
re conſumed by a low motion, ſcarce obſervable, almoſt 
ithout ſeeming to be on fire, but always with a degree 
f heat; - ſuch is the combuſtion of ſome metallic mat - 
ter, Combuſtion, however, takes place equally in all 


in any of theſe ways, is no longer ſuſceptible of inflam- 
ation, The reſidue is always heavier than the com- 
buſtible body. This may be eaſily proved to be the 


Vol. I. | K 
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buſtion'or inflammation ;: the other, its ſerving to main» 


tele inſtances; and the body which has been once burnt 


ale with fixed combuſtible bodies, But again, thoſe 


of 


— 
* _ 


—_ 


— 
. 
* 


of which the inflammable matter is of a volatile nature 
burn with more rapidity than the former, and their fx, 
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ed reſidue wants much of the original weight. Fm 
this it may perhaps be thought, that thefe laſt lob 
much of their weight in burning: but it is only a ſeen 
ing loſs they ſuffer ; and there are no combuſtible bodies 
of which the reſidues are not weightier than befor 
combuſtion. For, what remains fixed on ſuch occafiog 
is not the only reſidue of the combuſtible body; a cop 
fiderable part of volatile combuſtible bodies is convert 
into elaſtic fluids, which aſcend and are diffufed throug 
the atmoſphere: and were we to ſuppoſe that the 


leave no other reſidue but what appears after their conWWodies 
buſtion on the ſpot, or in the veſſel where they wen owe, 
burnt, we muſt believe what is impoſſtble, that t no! 

afford no refidue. Ether and ſpirit of wine burn π ote c 
without leaving the ſmalleſt particle ; but the ſubſtance epend 

into which they are converted is volatilized and di eat; i 

ed through the atmoſphere. When means are s tc 

-ployed to collect it, it is found to pofſeſs more gi idle 
than the combuſtible body from which it was produce theſi 
Thus, by burning ſixteen ounces of highly rediisg de tru: 

ſpirit of wine under a chimney adapted to the vom es of 

pipe of a ſtill, M. Lavoiſter obtained eighteen ounce ih de 

water as the product of this combuſtion. Oils, rein hn Re 

&c. preſent the ſame phenomenon. Thus, the cine abſor! 

of burnt wood are not the whole of the reſidue which*quires 

affords, the reſt aſcends in the air: one part, not bei du 

thoroughly burnt, becomes ſoot ; and the other ma bed a 

with the atmoſphere, is condenſed into water, or dei ot m 

wd, Ot 


tes in it ſome other elaſtic fluids, It is therefore i 


ſtablibe nelle / 
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labliſhed truth in chemiſtry, that all combuſtible bo- 
Jies acquire additional weight by being burnt. 


S S = X 


ed, ve muſt attend to another of the phenomena of com- 
duſtion, which it will be neceſſary to explain more at 
age. Combuſtion can never take place” without the 
help of air, and is always in proportion to the purity ant 
the quantity of that fluid, Ever ſince the diſcoveries of 
Boyle and Hales, philoſophers have been ſtruck with 
his fact, and have propoſed a variety of hypotheſes to 
xplain it. Boerhaave thought that air contributed to 
ombuſtion by operating on the furfaces of combuſtible 
odies, ſo as to diſſect them, if the expreſſion may be 


Jid not explain why the ſame air could not always pros 
jote combuſtion. M. Morveau ſuppoſed this laſt fact to 
lepend on the extraordinary rarefaction of the air by 
eat; in conſequence of which, it acquired ſuch elaſlici- 
y as to prevent the combuſtion of inflamed bodies by 
vreible compreſſion. But he offered this ingenious hy- 
atheſis at a time when it was impoſſible to diſtinguiſh 
he true cauſe of the phenomenon. M. Lavoiſier, by a 
nes of fine experiments on the calcination of metals 


ohn Rey the phyſician had before obſerved; fo much air 


auires preciſely that quantity of weight which the air 
(es during this proceſs ; and that the portion of air ab- 
irded actually remains in the metallic calx, as the cal- 
ok mercury may be reduced merely by expelling that 
ud, Other facts led him ill farther. He obſerved, with 
Meſtley, that the air which remains after the proceſs of 
K 2 caleination 


To underſtand how this addition of weight is acquir- 


lowed, into their component particles. This bypotheſis 


th determinate quantities af air, has proved, that, as 


abſorbed during calcination, that the calcined metal 


. 
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calcination or combuſtjpn, can no longer ſerve ty yy 
mote new proceſſes of the ſame kind; that it extinguig 
es flame, ſuffocates animals, and, in a word, has aCquiy, 
ed a different nature. He Ikewile found that its dint 
nution is exactly proportioned to the quantity abſorhe 
by the combuſtible body. On the other hand, air 
trated from metallic calces has been found to be th 
or four times purer than atmoſpheric air. It not onl 
promotes cotnbuſtion, but even renders it much maj 
rapid. A given quantity of the former will ferreſ 
the inflammation and total combuſtion of three or H 
times that quantity of matter which may be conſum 
by the help of the ſame portion of the latter. Tot 
ſingular fluid obtained from the calces of mercury, | 
Prieftley, who firſt diſcovered it, gave the name of i 
phlogiſticated air ; becauſe he confidered it as atm 
pheric air deprived of the phlogiſton, which, accorliy 
to him, is diffaſed through the whole atmoſphere. | 
phlogiſton he believed to be retained by the metcuni 
calces, which are gradually reduced as this elaſtie fin 
is diſengaged by heat. But as that name may lead u 
falſe idea of its nature, we ſhall give it the name of - 
tal air; for it alone is the great agent in reſpiration 
well as combuſtion ; and to uſe the expreſſion of M. A 
voiſter, it has four times as much of the genuine nt 
of air as common air has. 

From thus obſerving, that air is abſolutely neceflar 
combuſtion, and that part of the air neceſſary to thec 
 cination of metals remains in the calces, M. Lavoilt 
was at firſt led to think, that combuſtion conſiſted mt 
abſorption of pure air by the combuſtible body. A 
ſtracting the water and vapours contained in atmolp® 
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air, he conſidered the ſubſtance that remained as a 
ompound of two very different elaſtic fluids, One of 
eſe, which is the only genuine air, and which promotes 
mbuſtion by precipitating itſelf into the combuſtible 
I, and uniting with it, is vital air, It generally com- 
oſes a fourth part of the atmoſphere, and ſometimes e- 
en a third part, when it is in its pureſt, ſtate. The other 
zid is deleterious to animals, and extinguiſhes flame; 
ad it conſtitutes three-fourths or two-thirds of the at- 
joſphere : it was at firſt named mephitic air. When 
combuſtible body is expoſed to the air and kindled, a 
ortion of the vital air in the atmoſphere becomes fixed 
that body, and its combuſtion continues till it abſorb 
the vital air immediately around it. The reſidue of 
e air, after it has loſt this pure vital part, can no long- 
contribute to combuſtion, It regains this power on 
Ing again qualified with a due quantity of pure air ex- 
vced from nitre or a metallic calx. This elegant theory 
poſed by M. Lavoilier in the years 1776 and 1777, ap- 
ared to explain all the phenomena of combuſtion. It 
counted for the additional weight acquired by metallic 
(ces, and the extinction of flame by air that had been 
ady employed in combuſtion. But M. Lavoiſier, after 
ntinuing his experiments upon the ſubject, has thought 
oper to modify and enlarge it by new obſerva- 
s. The bright flame which is obſeryed on im- 
ling a burning body in vital air, or on pouring this 
id on the ſurface of a flaming ſubſtance (which may 
done by means of an ingenious machine of his in- 
tion) made him deſirous of knowing whence it 
ceeeded, and whether, according to the theory of 
il, it were owing to the diſengagement of phlogiſ- 
K 3 ton, 
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ton. He inquired into this with the more attentiag 
becauſe the celebrated Macquer had ſtill perſiſted, ng, 
withſtanding his diſcoveries, in maintaining Stab 
theory, but had laboured to reconcile his theory yith 
that of the father of philoſophical chemiſtry. Macquy 
was of opinion, that pure air became fixed in combi 
tible bodies in conſequence of their phlogiſton being 
diſengaged ; and that pure air and phlogiſton were 
ciprocally precipitated ; the one from the atmoſpha 
into the combuſtible body, the other from that bah 
into the atmoſphere : in every proceſs of combufn 
pure air extricated phlogiſtion into a ſtate of li 
ty, and aſſumed its place; and in the reduction of nx 
tals, phlogiſton diſengaged pure air and occupied th 
room which it had formerly poſſeſſed. M. Lavoiſiert 
ſerving that the bright fparkling flame before menin 
ed, which affords the ſtrongeſt indication of the pr 
ſence of light or the matter of fire in a ſtate of adinit 
ſeems rather to ſurround the exterior part of the bi 
in combuſtion, than to proceed as if it were difengapt 
from it; —has been led to think that light and heats 
ſeparated from vital air, in proportion as it is abſor 
by the body in combuſtion. His preſent opinion 
that vital air, like all other aëriform fluids, is a cl 
pound, conſiſting of a certain principle ſuſceptible a 
lidity, and of fire or the matter of heat; that to is lat if i 
ſeſſing the latter it owes its ſtate of elaſtic fluidity; il vuld e 
that, being decompoſed in combuſtion, its fixed, ff 
principle, by entering into combination with the - 1; | 
buſtible body, increaſes its weight and changes id t. 
ture,—while the matter of fire that it contains is d by 
gaged under the form of light and heat. Thus, Wore ex 


mod 


— 
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modern doctrine has beſtowed on vital air what Stahl at- 
tributed to phlogiſton. If combuſtion conſiſt in the dif 
engagement of fire, it is the air, not the combuſtible bo- 
dy, whick burns. As to the principle which, in com- 
bination with the matter of fire, conſtitutes pure or vi- 
| air, though M. Lavoiſier have not fully explained 
ts nature, yet as it is often known to form acids by en- 
ering into combination with combuſtible ſubſtances, he 
bas conferred on it the name of oxygene *®. With this 
aſe, the ſulphuric, arſenic, and phoſphoric acids, 
&c, are produced in the combuſtion of ſulphur, arſe- 
ic, and phoſphorus, &c, In all theſe bodies it is ſill 
he ſame. It is to be obſerved, that according to this 
w theory, the vital air which 1s obtained from me- 
alle calces did not exiſt in theſe calces under that form. 
t becomes ſuch, in conſequence of the combination 
hat takes place between the heat and light communi- 
ated through the veſſels in which the calces are con- 
ained ducing this proceſs, and the oxygene by which 
bey are conſtituted calces. 
Such is the preſent ſtate of chemical Jodrine concer- 
ling the nature of atmoſpheric air, and its influence on 
ombuſtion, The theory of which we have given an 
count, is daily gaining new ſtrength. The objections 
rged againſt it have but little weight: they even ſhow, 
lat if its oppoſers were better acquainted with it, they 
ould ceaſe to raiſe their voice againſt it, and that when 
K 4 it 


M. Lavoiſier gave it at firſt the name of oxigyne ; but finding it 
ary to apply an analogous name to ſome other ſubſtances, before 
"wn by improper denominations, we have changed the nne into gene, 
wore expreſſive of its Greek derivation, —F, 
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it ſhall become generally known, it will be unanimoyy 
received by the learned. 


ert 
- Reſpiration is a phenomenon nearly reſembling com. * 
buſtion. Common air is decompoſed in the one as Felice 
- as in the other; that it may contribute to either, j parti 
mult contain a certain quantity of vital air, When i T 
is deprived of all its vital air, the mephatic reſidue is, pear: 
tal to animal. life. Reſpiration is in fact but a flow from 
combuſtion, in which part of the heat of vital air ent (pira! 
the blood as it paſſes through the lungs, and is by vi theſe 
conveyed through the whole body. In this man prov 
animal bodies receive their ſupplies of heat, which ing 
abſolutely neceſſary, as they are conſtantly giving boni 
the heat which they contain, to the atmoſphere and vi the o 
ther ſurrounding bodies. To maintain the heat of ty tract 
blood is, therefore, one of the chief purpoſes of reſia into 
tion ; and this beaut\ful theory explains why the h un. 
of thoſe animals that reſpire either no air or but wy 
little, is always cold. | Jill 
Meſſrs. Lavoiſier and De la Place have diſcover Al 
another ſervice which the air performs in the act of the 
ſpiration. It abſorbs a certain principle that exhale Fr 
from the blood, and appears to be of the ſame natur per 
with coal. That fubſtance being reduced into v er ele 
enters into combination with the oxigenous part of reſpir 
tal air, and forms the carbonic acid which is dich thc; 
ged from the lungs by expiration, This fact. el 
formation of the carbonic acid in the atmoſpheric Menue 
reſpired by animals, at the ſame time when the derte 
tic air is ſeparated, —explains why ſuch dangerous6 
feQs enſue from the ſhutting up of a number of rx * 1 
{ops together in cloſe places; ſuch as happens in tht = 


(l 
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res, hoſpitals; priſons, and the hold of a ſhip, &c. Af. 
ter this, we can no longer be ſurpriſed at the noxious 
fects of air altered by reſpiration, by which perſons of 
gelicate conſtitutions and great ſenſibility of nerves are 
particularly liable to be affected. 

The atmoſphere which encompaſſes our globe ap- 
pears, therefore, to be ſuffering continual alterations 
from the two great phenomena of combuſtion and re- 
ſpiration. That fluid would be very inadequate to 
theſe two great purpoſes, were there not other means 
provided for renovating the atmoſphere, and maintain- 
ing it with conſtant ſupplies of vital air. In the fol- 
lowing chapter, and in the third part, we ſhall ſee that 
the organs of vegetables are deſigned by nature to ex- 
tract this vital air from water, as well as to pour it 
into the atmoſphere, when ſtruck by the rays of the 
un, | | 


III. Cf the diſtinguiſhing Properties of that Mephitic 
Air, or Gas Azote, (or Nitrogene *,) which enters into 
the Compoſition of Atmoſpheric Air. 


From the preceding account of atmoſpheric air, it 
appears to be a compound body, conſiſting of two gaſes 
or elaſtic fluids; one of which maintains combuſtion or 
reſpiration, but the other is entirely unfit for ei- 
thier of theſe purpoſes. The firſt, which is named 
"tal air, exiſts in the proportion of 0,27 or 0,a8 ; 
File the latter amounts to 0,73 or 0,72. We have 
alerted the firſt to be a compound of the caloric and 

the 


* I think nitrogene adopted by M. Chaptal, a more correctly ana- 
logical name for this gas than azcte ; unleſs farther diſcoveries ſhould 
Indace us to ad pt rather the term a/ka/igene, as expreſſive of a more 
general property belonging to it.— H. 
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the oxigenous principles ; the ſecond, like all other 
gaſeous bodies, is alſo a compound of the caloric prin, 
ciple with a baſe ſuſceptible of ſolidity. To this ek 
ftic fluid, which conſtitutes more than two thirds 
the atmoſphere, M. Lavoiſier at firſt gave the names kalir 
mofette ; becauſe it extinguiſhes combuſtion, and de 
ſtroys animals. But ſince all gaſſes, except vital u cc: 
atmoſpheric air, are equally noxious, and are therefor 
all equally intitled to the name of mofettes or mepbite; 0 p 
which has been always applied to elaſtic fluids unfit fr hic! 
reſpiration we have adopted the words gas a u iter 
the peculiar denomination of this aëriform fluid: an 
we may of conſequence apply the ſubſtantive a 
or the term azotic principle, to the baſe of this gu; 
which, like the oxigenous principle, the baſe of vin 
air, becomes fixed by entering into combination yit 
a number of ſubſtances. In order to give ſome ida 
of the nature of this gas azote, we ſhall mention 1 
few of its properties. It is ſomewhat lighter tha 
common air, and therefore occupies the upper part 
rooms in which the air hath been altered by combul 
tion or reſpiration, Though ſo noxious to animals, it 
the ſtate of elaſtic fluidity, yet the azotic principe 
its baſe, is one of the component principles of au. 
mal bodies; from which it is extracted in great abus 
dance. It is likewiſe one of the conſtituent parts d 
volatile alkali, or ammoniac, and of the nitric acid 
it appears to be abſorbed by vegetables, and perl 
alſo by animals. It is highly probable, that the ſam 
principle enters into the compoſition of all alkali 
bodies, and may be conſidered as a genuine alkalgs 


nous principle, in oppolition to the baſe of vital an 
. 15 


other. 
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to which we have given the name of the OXIGInOUS 
principle. Thus we are led to conſider the atmoſ- 
phere as a vaſt reſeryoir of acidifying and alkalify. 
ing principles, though it be itſelf neither acid nor al. 

kaline. N 
Here we can only mention theſe properties; in the 
ſucceeding part of the work they ſhall be more particu- 
larly explained. Here we have only endeavoured 
to point out the difference between the two fluids of 
which our atmoſphere confiſts, and to fix the reader's 


ea attention on the nature of each as diſtinct from the 
and ather, 
oe, 


CHAP. 


r 


Hater. 


9 was long thought to perform an in. 

portant part in almoſt all the phenomena of 
nature, and to be capable of aſſuming a vaſt variety d 
forms, and entering into many combinations, without 
ſufferivg any alteration of nature, or becoming unable 
to reſume its original ſtate. But the late reſearches 
Meſſrs Lavoiſier, Meunier, de la Place, and Monge, 
have diſcovered that water, like air, is compounded 
more ſimple principles which may be obtained ſeparate 
The period of this important diſcovery conſtitutes 
glorious æra in the hiſtory of chemiſtry. We hal 
afterwards ſee by what means theſe philoſophers ac 
compliſhed the analyſis of water. Let us firſt conſider 
the phyſical properties of this body. 


§S I, Of the Phyſical Properties of Water. 


Pn1Lo$SOPHERs define water to be an inſipid, ponde- 
rous, and tranſparent fluid, without colour or elaſtic- 
ty, extremely ſuſceptible of motion, and capable 
palling through the various ſtates of aggregation, fron 
the ſolidity of ice to the tenuity of vapour or elalii 
fluidity, 

It is found in almoſt all natural bodies; but nature 


has united it with many ſubſtances with which art ha 
not 


retirin 
lands | 
of iſle 
ed up 


neous 
dours, 
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not yet learned to make it enter into combination. It 
. obtained from wood, and from the molt ſolid bones; 
t is known to exiſt in the hardeſt and moſt denſe cal- 
careous ſtones ; it conſtitutes the moſt conſiderable part 
of animal and vegetable fluids, and even enters into 
the compoſition'of the ſolid parts of ſuch bodies. Theſe 
zre the facts which —_— it a "m_ among the number 
of the elements. 


over the globe, filling up its cavities, or furrowing its 


ice which covers the ſummits of ſome lofty mountains 
and the polar ſeas, of lakes, rivers, rivulets, ſprings, 
clouds, rain, hail, and ſnow. It is diſtinguiſhed into 
terreſtrial and atmoſpheric water. It attracts the cur- 
ous inquiry of the philoſopher, in its paſſing ſucceſſive- 
ly from the ſurface of the-earth into the atmoſphere, 
and from the atmoſphere upon the riſing heads of hills; 
and again, in its gathering into ſtreams, producing 
ſprings, fountains, and rivers; and in the laſt form, 
holding its headlong courſe to its great reſervoir the ſea. 
Obſerving the phenomena of this immenſe maſs of wa- 
ter, we behold it agitated with the moſt tremendous 
motions ; we ſee its fluctuations and currents ſometimes 
* niſing awful liquid mountains; we ſee it ſometimes 
encroaching on the limits of the earth, and fometimes 
retiring within its ancient boundaries. Here new iſ- 
lands ſpring up from its depths ; there the foundations 
fi of iſles of ancient name are ſapped, and they ſwallow. 
ed up in its bowels, If we trace its action in ſubterra- 
neous cavities, we there find it engaged in humbler la- 
* bours, producing ſalts and cryſtals, and depoſiting them 


not 


The natural ohiloſopher views it as exiſting in maſſes 


ſurface. Its hiſtory comprehends that of the eternal 


158 Phyfioal Properties of Water.” 


in the clefts of the rocks. All theſe objects muſt come 

under our attention in purſuing the natural hiſtory of 

water. But we muſt firſt examine its phyſical and che. 

mical properties. | 

The moſt remarkable of theſe i is its bulky ſuſceptihl 

of various forms, and becoming by turns a ſolid, 21 
quid, or a vaporous body. Let us conſider it under eid 

4 95 theſe 18 . | 


1 Off Water in the State of lee, 


Ics ſeems to be the natural ſtate of water ; for, i 
chemiſtry at leaſt, we conſider that, as the natural flat 
of any body, in which its aggregative force is ſtronge(; 
But as it appears much more frequently in a liquid fats 
liquidity is ſtill conſidered as the natural ſtate of wate, 

Several phenomena highly worthy of nn, 0%. 
cur in the formation of ice, 

1. The change of a liquid into a ſolid body. whid 
takes place on the freezing of water, occaſions a het 
of ſome degrees. In a thermometer immerſed into frees 
ing water, the mercury riſes ſome degrees above 32% 
while in another, in the open atmoſphere of the ſame 
temperature, it either remains fixed at that point c 
ſinks below it. It appears, therefore, that part of tix 
heat which is fixed in water in a liquid ſtate, is diſengs 
ged and eſcapes into the atmoſphere when it afſumes1 
ſolid form; and the ſpecific heat of ice is actually lel 

than that of water. A ſimilar diſengagement of bei 

is obſerved in the cryſtallization of falts, 

2. The external air promotes the formation of its 

Water in a cloſe veſſel freezes but very ſlowly ; but es 

pole it to the open air, even in the ſame _— 
| a 
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and ice will almoſt inſtantly appear. A fimilar pheno- 
menon is obſerved in the cryſtallization of ſalts: many 
@line ſolations, which in cloſe veſſels are maintained in 
this ſlate, will almoſt in an inſtant diſplay cryſtals, if 
You open the mouth of the veſſels and expoſe them to 
he contact of the atmoſphere. 

z Gentle motion is favourable to the production of 
ce. The ſame thing 1s obſervable of ſaline cryſtalliza- 
ions. By ſhaking ſome ſolutions, which otherwiſe 
ould not produce cryſtals, we ſometimes ſee theſe ap- 
dear while the ſhaking is continued. I have often ob- 
erved this in ſolutions of calcareous nitrate and muriate. 


ff ſaline cryſtals prove, that the former is actually a 
pecies of cryſtallization, 

4 The bulk of a piece of ice appears to be greater 
han that of the water of which it is formed ; bottles 
d other glaſs veſſels are burſt in conſequence of the 
reezing of liquids with which they are filled. But this 


hich is diſengaged from it during its congelation. 
When ice is formed, it is diſtinguiſhed by the follow- 
x properties, 

I, It has been obſerved by M. Mairan, that when 
ormed by a flow congellation, its cryſtals are in the 
rm of needles croſſing each other at angles of—from 
oe to 120%, Sometimes its cryſtallization takes a re- 
ular and determinate form. M. Pelletier, a diſciple 
M. D'Arcet's, and member of the college of pharma- 
„ obſerved in a piece of fiſtulous ice, cryſtals in the 
orm of flat quadrangular priſms, terminating in two 
ltedral ſummits, but with great varieties. On the o- 


© -» 3 * _ — 


hele analogies between the formation of ice and that 


te@ is to be aſcribed not to the water, but to the air | 


ther 


ther, and ſuddenly cooled *. 8 1. 


times before melting. 
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ther hand, when ice is ſuddenly formed, and in 
maſſes, it becomes one irregular ſolid, exactly like thy 
produced when ſolutions of ſalts are preſſed cloſe tage. 


2. Its ſolidity is ſo great, that it may be reducei u 
powder, and carried about by the wiad. In vety ca 
climates, ice becomes ſo hard that it may be hewn iny 
pieces like ſtone, and uſed in building. Nay we 
even confidently told that maſſes of ice have been hy 
lowed into cannons, and charged and diſcharged ſeven 


dy e 
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3. Its elaſticity is very great, much gteater than thy 
of water in fluid ſtate. Throw a piece of ice on a (al 
plane, it rebounds from it like any other hard body, 

4. It has a keen, ſharp taſte, nearly approaching 
cauſticity. Every perſon knows what kind of ſenſaia 
ice gives when applied to the ſ in. Phyſicians empl 
it in external applications as a tonic or diſcuſſive, & 

2. Its gravity is leſs than that of the fluid on whe 
it ſwims ; which ſeems to be occaſioned by its conta 
ing a greater quantity of air in proportion to its bul 
The ſame phenomenon takes place on moſt of thoſe l 
dies that admit of concentration by cold, and ful 
by heat, ſuch as butter, fat, wax, &c. and fill a 


: 


M. Sage informs us, that a piece of ice containing within t 
frozen water; if broken ſo as to ſuffer the water to run out; ex 
in itz cavity beautiful, tctrahzdral priſms, terminating in four. l 
pyramids. 

M. Macquart relates, that when it ſnows at Moſeow, in a 1 
ſtate of the atmoſphere, the air is obſerved to be loaded with en prop 
zations, regularly flattened, and thin as a leaf of paper. Tile 
ſtallizat ions conſiſt of fibres diverging into ſix different 12Y5 {con 3 
common centre. II. L gen 
EI Vol, 
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tom the ſame dauſe; for every ſubſtance is by itſelf 
pore denſe and weighty in its ſolid than in a fluid ſtate. 

6. Its tranſparency, at leaſt in irregular maſſes, is ob- 
{-ured by air bubbles, You may be convinced of this 
dy examining a piece of ice attentively ; and if the ca- 
rities de opened under water, the air which they con- 
tuin will be ſeen to iſſue in bubbles from its ſurface. - 

7. It melts at ſome degrees above 320 the liquefac« 
tion proceeding gradually from the furface to the cen- 
tre. i | | 
g. Paſſing from a ſolid to a liquid ſtate, it produces 
Wold in the ſurrounding atmoſphere, Modern chemiſts 
hink that it abſorbs heat when it melts: and that the 
uantity of the caloric principle which becomes fixed 

it on that occaſion), is equal to the quantity of heat 

liſengaged when it paſſes from fluidity into the ſtate of 
e. The ſame phenomenon is common to all fluid bo- 
lies that can be condenſed into ſolids, and again reduced 
þ fluidity by the variation of th temperature, | 


II. Of Water in a Fluid State. 


Tux properties of water in a fluid ſtate are very dif+ 
erent from thoſe of ice. 
I. Its taſte is much fainter, for it is genetally conſi - 
tered as inſipid. And yet people that drink much of it, 
an diſtinguiſh differences in its taſte at different times, 
e.; which ſhows that it is not abſolutely inſipid. 
2. Its elaſticity is leſs than that of ice. Some experi- 
ents of the Academy del Cimento, have even cauſed 
his property typbe entirely denied to it. But the Ab- 
* Mongez has proved the elaſticity of water by a ſeries 
* ingenious reſearches; and has even ſhown, that the 
Vor, I. L experiment 
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experiments of the Academy admit of an inference q; 
realy oppoſite to that which has been deduced fun 
them. For the ſpheres of metal, which had been fille; 
with water for thoſe experiments, continued to exſude 
liquid drops after being taken out of the preſs; which 
could not have happened if the water had ſuſſered i 
compreſſion. 

3. In the ſtate of a liquid aggregate, water is more un. 
der the influence of the affinity of compoſition, Fran 


this circumſtance it has obtained the name of the great 1 
ſolvent of nature. It does indeed enter into union with gag. 
many bodies, and even contributes highly to the m. Able 
tual combination of bodies. in t 
4. It ſeems incapable of combination with lz, case 
which paſſes through it without producing or ſuffering on a 
any alteration. Light is known to change its courſe in ing | 
paſſing through water, ſo as to aſſume a more perpendi-W latte 
cular direction. "IL heig 
5. Heat dilates it gp a gaſeous ſtate. Its paſia tile, 
from a liquid ſtate to that of aëriform fluidity, coal mon 
tutes ebullition. The cauſe of this phenomenon „non 
that, part of the maſs of water under examinataf vy n 
having aſſumed the form of an elaſtic fluid, the bf rva 
no longer ſuffers it to remain in union with that wb more 
is {till liquid : each bubble riſes from the bottom of Abt 
veſſel, and aſcends into the atmoſphere, in obedience u mati 
the action of heat. I have explained the cauſe of ebu ind! 
lition at large in my Memoires de Chimie, publiſhed WMperat 
1784, page 334. La 
The weight of the air has a 5 influence the e 
the ebullition of water. It oppoſes its dilatation W0ition 
evaporation : And in proportion as the gravity ef [i pher 


al 
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E air is leſs or more, the reſiſtance which it oppoſes to the 
row volatilization of water muſt be weaker or more power. 
ie ful, Thus, Fahrenheit obſerved, that the temperature 
f of water in a ſtate of ebullition is not always the ſame. 
hich jn order then, to know with greater certainty the pre- 
an ci degree of heat at which water boils, we muſt con- 
ſult the barometer as well as the thermometer, and we 
e. mall find the requiſite heat always proportioned to the 
From weight of the air, | 
great The influence of the weight of the air on the rare- 
Fith faction and ebullition of water becomes more remark« 


able when we make our obſervations at various heights 
in the atmoſphere, Thus, ceteris paribus, water boils 
eaſier on the ſummit of a mountain than in a valley or 


ering on a plain; the heat requiſite to produce ebullition be- 
rle ung lefs in the former ſituation than in either of the two 
end BG latter. All Aluids are eaſily rarefied at very elevated 

heights; for this rea[MFztiquids that are highly vola- 
ain tile, ſuch as ſpirit of wine, ther, and alkaline or am- 
don moniac gas, loſe much of their ſtrength on the tops of 
on „ mountains ; a fact which has been generally obſerved 
pation by natural philoſophers, and fully determined by an ob- 
e heut eration made by M. de Lamanon, at the height of 
which more than 1800 toiſes above the level of the ſea. 
of be Ab grad the weight of the atmoſphere with the pneu- 
ace u matic engine, and you may heat water to ebullition, 
eÞus 


and reduce it to a vapour, without railing it to the tem- 
perature of 122. 

Laſtly, A third circumſtance, beſide the heat and 
he gravity of the atmoſphere, which affects the ebulli- 
tion of water, is the dryneſs or humidity of the atmo- 
Iphere; but as the influence of this circumftacce is en- 
L 2 tirely 
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_ tirely chemical, we ſhall reſerve the conſideration of | 
3 to the next ſection. 
1 6. Boil water in a cloſe veſſel, and with a ſuitable 
$71 apparatus for collecting the vapours; let theſe be con. 
4 denſed by cold, and conducted anto a receiver; what 
4 is thus obtained is diſtilled water. By this means w. 
| ter is obtained pure, and ſeparated by thoſe earthy ani 
_ ſaline matters which almoſt always alter it, but are non 
left in the bottom of the veſſel. Chemiſts, who alway 
need pure water for their experiments, provide them. 
ſelves with it in this way. They pour river or fountain 
water into a cucurbite of copper tinned over within: 
this they cover with a capital inſerted into a reftigen 
tory filled with very cold water, for the purpoſe of cn 
denſing the vapours; which are thus cauſed to pals is 
drops into glaſs-vefſels prepared for their reception 
But in order to obtain diſtilled water in the greateſt pu 
rity, an alembic peculiarly adapted for this purpoſe mul 
be employed. To alWidge the proceſs of diſtillation 
this veſſel ſhould be prepared on particular principle; 
the cucurbite ſhould be broad and flat; and the capital 
of the ſame form. Water thus diſtilled is perfeRly pure 
Chemiſts formerly made uſe of ſnow or rain water; bit 
theſe are now known to contain ſolutions of ſome ei 
traneous ſubſtances. 
Diſtilled water has an inſipid taſte, and when drun 
oppreſſes the ſtomach with a kind of weight; but ate 
being expoſed to the open air, and briſkly ſhaken, 
recovers its taſte, and may be drunk with ſafety. I 
ſtillation does not alter water, it only deprives it of tis 
air which is always united with it in its ordinary flat 


and communicates to it that lively freſh taſte wh 
rende 


* 
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wnders it potable. Boerhaave diſtilled a quantity of 
rater 500 times ſucceſſively, without being able to diſ- 
cover any alteration upon it. Some philoſophers have 
it different periods aſſerted, that water is changed into 
arth; becauſe, at each new diſtillation, it leaves a cer- 
tain quantity of an earthy reſidue in the bottom of the. 
veſſei. M. Lavoiſier has made a ſeries of the moſt ac- 
curate experiments, with a view to determine this. By 
veighing the glaſs veſſels employed in the proceſs of 
ditillation, and doing the ſame with the water diſtilled | | | 
and its reſidue, he has diſcoyered that this earth is no- 
thing but a part of the matter of the veſſels ground 
donn by the action of the water. 


III. Of Vater as an Elaſtic Fluid. 


Warzn water is reduced by the action of fire into the 
late of vapour or elaſtic fluidity, it acquires new pro- 
perties which diſtinguiſh it from what it was under the 
wo former modifications. __ 

1. If the air into which it is received be above the 
temperature of 659, 45', and not overcharged with 
humidity, it becomes perfectly inviſible. 

2, If the temperature of the atmoſphere be below 
54%, 30, and, if it be already loaded with moiſture, the 
watery vapour forms a white or grey cloud, which is 
ery plainly diſtinguiſhable: The reaſon of this is, 
lat it is not diſſolved in the humid air, as will be af. 
terwards ſhown ; but a true precipitation actually takes 
Place, 

3. Its dilatation is ſo conſiderable, that, as M, Wath 
{lures us from the moſt accurate computation, it occu- 
L 3 pies 
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pies, in this form, 800 times the ſpace which it fill 


when liquid. 


4. Sveh is its elaſticity,” that when compreſſed, 
produces dreadful explofions ; and is happily emplayet 
in mechanics to move enormous maſſes. Its utility i 
that valuable machine the ſteam- engine is well know 
both to philoſophers and artiſans. 

5. Agreeably to one of the moſt uniform laws of the 
affinity of compoſition, it has a greater tendeney to 
combination in this ſtate, in which its aggregate 
force is weakeſt, than in the two former, Chemin 
have frequently occaſion to obferve with what un 
dity water in the ſtate of vapour diſſolves falts, foft 
ens mucous ſubſtances, corrodes and calcines me. 
tals, &c. 

6. It is entirely diſſolved in air; when precipitate 
from the atmoſphere, it conſtitutes few. This foluting 
obeys the ſame laws with ſaline folutions ; as has been 
ſhown by M. Le Royvef Montpelier, in an excellent 
memoir on the elevation and fuſpenſion of water in the 
atmoſphere, ¶ Melanges de Phyſique et de Medicine, Pu 


fis, 1771.) 
7. One of the moſt remarkable phenomena of water 


in a vaporous ſtate, is its power of quickening the com 


buftion of oil; as in the experiment of the zolipile ap 
plied to the enameller's lamp, in common fires of mk 
neral coal or charcoal, and in the burning of great; 
inftead- of extinguiſhing, water rather increaſes tis 
ſtrength and fury of the flame in all theſe inſtancts 
Theſe phenomena led Boerhaave to think that flame 
was in a great meaſure compoſed of water. We ſhal 


fee how much this ingenious conjecture of Bt 
haare“ 
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baave's is confirmed, or at leaft juſtified by the modern 
liſcoveries concerning water, when we come to ſhow 
that this fluid, in a vaporous ſtate, increaſes the violence 

of fame, in conſequence of being itſelf Fry by 
the bodies in combuſtion. 

g. Water in vapour, and diſſolvedin the air, is con- 
denſed, and part of it precipitated, when expoſed to a 
temperature a few degtees above the freezing point; 
it then reſumes its liquidity ; and in this manner is 
dew produced. Sometimes, when expoſed to a ſudden 
cold ſeyeral degrees below the freezing point, it is con- 
gealed into icicles, and ſeems. to ſuffer a kind of cry- 
Rillization : hence thoſe hoar, icy incruftations that 
are formed in winter on the windows of apartments ex- 
poſed to the north: hence too thoſe ſmall icy flakes in- 
to which the aqueous yapours iſſuing from the lungs are 
formed in Siberia and other countries expoſed to an ex- 


teme cold. 


C II. Of the Chemical Properties of Mater. 


No other natural body is ſuſceptible of more combi. 
nations than water; and it has, on this account, long 
held the name of the great ſolvent of nature. The wa- 
ters of the ſea, of lakes, of rivers, ſprings, and foun- 
tains, are far from being pure, and are impregnated 
with almoſt every other ſubſtance, eſpecially with ſa- 
line matters, 

It combines with air in two ways: 2. It abſorbs this 
elaſlic fluid and retains it without paſſing from its li- 
quid ſtate. It even appears that water owes its pleaſant 
irclh taſte to the air thus combined with it, The pnen- 

L 4 matic 


matic engine proves the reality of this combinaticn: 
when the air above the water is exhauſted, that which 
is mixed with it, is gradually difengaged in the form d 
bubbles. The air contained in water may be obtaing 
by diſtilling the water in a pneumato-chemical y, 
paratus, When water is boiled, the firſt bubbly 
that ariſe, conſiſt of air, and the water, after loſing 
them, has no longer the ſame lightneſs or reliſh, Al 
recovers theſe properties by being expoſed for fone 
time to the open atmoſphere, or by being briſkly ths, 
ken. 2. Air, with a certain degree of heat, diſſoha 
water, and renders it elaſtic and inviſible like” itſelf, 
The greater its heat, the greater alſo is its power d 
maintaining water in a ſtate of ſolution. Le Roy d 
Montpelier has examined with minute attention the 
Nate of water in the atmoſphere. His inge niaus exps 
riments ſhow, that the drieſt hot air, if incloſed in 
flaſk, and cooled to a certain temperature, affords; 
precipitate of water; that more or leſs aqueous . 
pour is neceſſary to ſaturate the ſame quantity of ar 
according to its heat; and that this water is precip 
| tated from the atmoſphere through the night, and 
forms a particular kind of dew. He has even been led 
to think, from theſe facts, that the weight of the at 
moſphere depends upon the quantity it contains d 
this water, which is always in proportion to its tel 
perature. 

Though it be not conſiſtent with the method which 
we propoſe to follow, to enter upon the examinatial 
of ſaline matters in this place; yet we muſt obſerve, 
that water, as it poſſeſſes in an high degree the pt 


pexty of diſſolving them, always contains à certas 
4 . : quantity 


Water, 
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quantity of ſome faline ſubſtance. Calcareous ſalts are 
moſt frequently mixed with water, and communicate 
ame diſagreeable, and ſometimes even noxious, quali- 
es to well and river waters. Theſe are ſometimes alſo 
und to contain a portion of the carbonic acid, of clay, 
ff iron, and of the extracts of vegetables altered by pu- 
efaction. All ſuch waters are unwholeſome ; thoſe 
itiated with the former mixture are called crude, hard 
aters: they have an infipid taſte, are heavy upon the 
tomach, and unfavourable to digeſtion ; and being like- 
iſe often purgative, the uſe of them is not without 
anger. It is, therefore, an object of conſiderable im- 
rtance to diſtinguiſh the quality of water; to diſcover 


mmunicate to it noxious properties; and to adopt 
jeans for purifying it from ſuch a mixture. 

Good wholeſome water is generally diſtinguiſhed by 
e following characteriſtics. It is very clear and lim- 
d; no extraneous body alters its tranſparency ; it 
vs no ſmell ; it has a lively, freſh, and almoſt pun- 
nt taſte ; it boils readily, and without loſing its tranſ- 
rency ; it entirely diffolves ſoap, in ſuch a manner 
to produce a homogeneous fluid, without clouds or 
mps ; it boils leguminous vegetables without harden. 
g them: if tried by an addition of thoſe liquors that 
e named re-ogents, ſuch as alkalis, and ſolutions of 
rcury and ſilver with nitre, it loſes neither its puri- 
nos tranſparency ;. or at leaſt if it ſuffers any change 
this kind, it is almoſt imperceptible. Laſtly, it paſ- 
ealily through the ſtomach and the inteſtines, and 
favourable to digeſtion, Spring or river water, which 
rates or flows through ſand, is in continual motion 
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ſhether it be impregnated with any bodies which may 
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and is not polluted with the putrefaction df animal a 
vegetable ſubſtances,—is found to poſſeſs all theſe py, 
perties : but filth muſt not be conveyed into it by ſeg, 
ers; the channel muſt not be filled up ſo as to ding 
or ſlacken its courſe ; nor muſt hemp be ſteeped, or fig 
linens waſhed in it, &c. On the contrary, water whi 
ſtagnates in ſubterraneous cavities, which iſſues froms 
calcareous or gypſeous foil, which has no current, whi 
is overgrown with plants or crawls with inſe&s, whi 
is very ſhallow, with a ſoft muddy bottom, conſiflin 
of putrid vegetables; all ſuch water exhibits quite dif 
rent qualities. Its taſte is infipid or even nauſeous; | 
has the ſmell of a mouldy or putrid ſubſtance ; it is oft 
green or yellowiſh ; green or brown flakes of matte 
the remains of putrefied vegetable ſubſtances, are ie 
ſwimming in it; it turns vegetable blues to green;i 
becomes dark and muddy when boiled; forms clad 
with ſoap, and hardens all kinds of pulſe; the re. agu 
cauſe it to give precipitates in greater or leſs abu 
dance; it oppreſſes the ſtomach, remains long upon 
and retards digeſtion. 
Several means are uſed to correct theſe bad 
which have been adopted entirely from the conſider 
tion of its phyſical and chemical properties, 
1. Stagnant waters are put in motion by cutting a 
for them a ſloping channel, expoſing them to the adi 
of mills, caufing them to riſe in ſpouts through the 
or to tumble down in caſcades. By theſe means! 
putrid gas and ſpiritus rector are made to eyaponl 
extraneous matters are collected and depoſited in 
bottom, and a conſiderable quantity of air is attra 
into combination with the water. 
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mal and vegetable ſubſtances: and this cannot be 
ne without agitating their waters at the ſame time, 
ich is alſo ſerviceable, 

3, Water is filtrated through jars or fountains, the 
xttoms of which are covered with fine ſand and ſpon- 
: theſe need to be renewed from time to time. The 


mud, are alſo laid with ſand and pebbles. 

4. The above are means for purifying water by ſe. 
arating from it ſuch heterogeneous matter as may hap 
1 to float in it; but they cannot deprive it of any ſa- 
te ſubſtances that exiſt in it in a ſtate of ſolution, To 
mam narate theſe from water, it muſt be boiled, left to ſet- 
e and cool till it become clear, then filtrated through 
pper or pure ſand, and expoſed to the air in broad ſtone 
chars. After undergoing this proceſs, it may be drunk 


ple which occafions irs difagreeable ſmell, and cauſes 
to precipitate part of its calcareous ſalts : but to 
oduce the laſt effect, the water muft be boiled for 
alk an hour, or for ſo long time as may be neceſſary 
nſide make it diſſolve ſoap, and to de prive it of the propet- 
of hardening pulſe. 

5. If boiling be found inſufficient for purifying wa- 
e Kur of its calcareous ſalts, as ſometimes happens when 
s ſlrongly impregnated ; rhefe muſt then be precipi- 
eam "ted by boiling it with a ſmall quantity of potaſhes, 
for want of potaſhes with common aſhes ; the falts 
nien fall to the bottom; and the water being ſuffered 
no eettle, and expoſed to the air, acquires all the quali- 
which we wiſh it to poſſeſs, 


6. 


2 — A © : 
_— RE 9m, a — 4 


>. Marſhes and pools are cleanſed of all putrefying - 


xttoms of ſmall rivulets naturally covered with a bed 


th ſafety, Ebullition frees hard water of the prin- 
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facts to conclude, that water was ſometimes chang 
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6. We may alſo make uſe of ſome ſubſtances to ca 
rect the diſagreeable and noxious qualities of way, 
ſuch as ſugar, meal, barley, corn, honey, pot-herbs, a 
ſome labiated aromatic plants. But theſe cannot, like 
the former means, communicate to it the qualities oi 
pure water; they only ſubſtitute one taſte in the p 
of another, 

This account of the chemical W of water n. 
preſents; it only as a powerful agent in combination, < 
pable of entering into union with many natural bod 
But in many of its combinations it ſuffers a remarkahl 
alteration, which was not taken notice of till ti 
month of April 1784; and which is highly worthy 
the attention of chemiſts. " 4.8 
Water has long been known to favour combuſtion; 
ſome inſtances, as in the enameller's lamp, in the Matte: 
flammation of oils, in ſtrong conflagrations, &c. Sond 
philoſophers had thought themſelves authorized by thel 


low! 
percul 


d w 
into air: but we are indebted to a few French ace dun 
cians for a more accurate account of theſe phenomeu hiſeng: 
and of the nature of water. M. Lavoiſier having D; 
ſerved, with M. De la Place, that when inflamm a cared, 
gas is burnt in a cloſe veſſel, by the help of vital ai, ¶ N voſecu 
product of pure water is obtained (a fact. which was tre!) 
{ſerved almoſt at the ſame time by M. Monge, with Mer, in 
moſt accurate attention, in the laboratory of the ch ion 
of Meziere), concluded, that this product mult WW the i 
compoſed by the combination of vital air with e baſ- 
flammable gas; and that theſe were the conſtituW it ot 
principles of water. This theory, by which M. ma n 
voiſier preſumed to deprive water all at once of Mer gag 
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paracter of a fimple elementary body, which it had ſo 
ng maintained, met with keen oppofition ; and its au- 
vr found himſelf under a neceſſity of eſtabliſhing it 
y analytical as well as by fynthetic facts. He there- 
bre attempted to decompoſe this fluid, by exhibit- 
We to-it bodies, the affinity of which with one of its 
finciples was ſo ſtrong, that they might be expected 
ſeparate it from the other. Obtaining the aſſiſtance 
e M. Meuſnier, in his reſearches on this head, thoſe 
zo philoſophers read, in the academy, on the 2 ĩiſt of 
pril 1784, a Memoir, proving that water is not a 

imple ſubſtance, but a. genuine compound of the baſe 
f inflammable gas with that of vital air or the oxige- 
jous principle; and that the two principles may be 
afily ſeparated from each other, To obtain theſe two 
Patters ſeparate," M. Lavoiſier at "firſt employed the 
allowing proceſs. In a ſmall bell-glaſs, above ſo much 
percury, he put a certain quantity of very pure diſtil- 
d water mixed with iron filings : Theſe filings were 
radually calcined ; an inflammable elaſtic fluid was 
engaged, and collected immediately above the mer- 
ury; and in proportion as theſe two phenomena ap- 
keared,. the quantity of the water was diminiſhed, By 
rolecuting this experiment farther, the iron may be 
itirely calcined and totally decompoſed ; for the wa- 
er, in M. Lavoiſier's opinion, both occaſions the calci- 
ation of the iron and gives out the inflammable gas. 
Is the fluid is compoſed of the oxigenous principle and 
le baſe of inflammable gas, the iron gradually depriv- 
git of the former, combines with that principle to 
um a metallic oxide, and leaves the inflammable gas 
lergaged, Such was the fiiſt experiment in which 
. this 


decompoſed as ſoon as it comes into contact with they 


for that purpoſe at the oppoſite end. On a repetity 
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this enlightened chemiſt accompliſhed the decoy, 
tion of water. But in thoſe reſearches which he ond 
cuted in conjunction with M. Meuſnier, he follow 
much ſhorter and more concluſive proceſs. Pla 
the barrel of a gun in a furnace, and heating it x 


hot, he dropped a certain quantity of water throughi 
In this proceſs, ,the water being reduced to yapoy 


iron, and the oxigene which 1t contains becomes fn 
in the metal; as appears from the increaſe of its wei 
and the alteration of its ſubſtance. The baſe of infly 
mable gas being ſet at liberty, paſles quickly throw 
the gun-barrel, and is received into bell-glaſſes pla 


of their experiments, with all the preciſion poſli 
thoſe philoſophers diſcovered, that water contains ab 
ſix parts of the oxigenous principle with one of the 
of inflammable gas; that of conſequence this laſt ni 
ciple conſtitutes but a ſeventh part of the compout 
that it is thirteen times lighter than common air; ut 
that it occupies, when at liberty, fifteen hundred iin 
the ſpace which it filled in its aqueous combination, 

Water appears to act in the ſame manner on mal 
other combultible bodies, which it reduces with m 
or leſs facility to a burat ſtate, and to afford uniforn 
a quantity of inflammable gas. It may be dec 
Poſed with zinc, charcoal, or oils; with the laiti 
theſe, by dropping the water into boiling oil in a 
tort, the neck of which is immerſed under the glu 
of a common pneumato-chemical machine. But g 
caution is neceſſary to prevent the exploſion that take 
place when the water riſes in the vacuum produced! 
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neck of the retort by the ebullition of the oil. - To 
amine certainly whether a combuſtible body, ſuch 
\ metal, a coal, &c. be capable of decompoſing wa- 
:mmerſe a piece of it red hot into a veſſel of water, 
- x bell-glaſs filled with the ſame fluid, and the 
Lmmable gas, which is always diſengaged whenever 
ter is decompoſed, will be received into the glaſs. 
eſe, namely, the decompoſition of water, and the 
duction of inflammable gas, are the reaſons why 
bbles ariſe when red iron is plunged into water, as 
deen obſerved by Meſſrs Haſſenfraſt, Stouttz, and 
Hellancourt, of the royal mineralogical ſchool of 
ance, A ſimilar diſengagement of inflammable gas, 
conſequence of the decompoſition of water, takes 
ce when a piece of flaming charcoal is thrown into 
quantity of this fluid. 
Theſe are the newly diſcoyered facts concerning the 
ure and compoſition of water. Meſſrs Lavoifier and 
uſnier thmk, therefore, that, this fluid is a com- 
nd of about fix parts of the oxigenous principle 
| one of the baſe of inflammable gas, or, more accu- 
ely, of 0,86 of the former body, and 6.14 of the lat- 
that iron, charcoal, and oils, having a ſtronger af- 
ty with the oxigenous principle than it has with the 
le of inflammable gas, enter into combination with 
leave the combuſtible elaſtic fluid diſengaged, and 
$ decompoſe water; that this liquid may be again 
med by burning inflammable gas with vital air; that 
en this proceſs of combuſtion is carefully perform- 
a quantity of water is obtained, which anſwers pre- 
y in weight to the quantity of the/two gaſes, by 
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the combination of which it was produced; that ii: 
many chemical opetations, water is produced by HN, 
combination; and that, therefore, if ſpirit of wine ia 
oils be burnt under a chimney, proper for conde nm ot 
their vapours, and fitted to the worm-pipe of a Hing. 
the other end of which is joined to a receiver, a ere 
tity of water will be obtained almoſt always greater th 
that of the combuſtible liquid which affords it; becay 
the inflammable gas, diſengaged trom the liquid, ca 
bines with the pure part of the atmoſpheric air whichi 
decompoſed during the combuſtion. 
Theſe diſcoveries, and the theory founded ut 
them, cannot but form one of the moſt illuſtrious zx 
in the hiſtory of natural philoſophy. As it is of t 
utmoſt importance to conſider all the conſequence 
which it admits, with all poſſible care, we ſhall he 
add a few obſervations, in order to conyey more d 
tin and accurate ideas of it. 
We have mentioned, that all a#riform fluids « 
their gaſeous ſtate to the matter of fire or heat combi 
ed with them, Inflammable gas depends on the fan 
principle : For as the decompoſition of water and! 
change into inflammable gas always require an hy 
temperature, and as the more violent the heat apple 
the more rapid is the change; this gas, therefore, x 
pears to acquire its amazing levity, and to afſume t 
acriform ſtate, in conſequence of a conſiderable quand 
ty of heat being abſorbed by its aqueous baſe ; which 
the reaſon why it can never be obtained but in a ſtate( 
extreme fuſion, It becomes, therefore, necellary | 
beſtow a particular name on this baſe of inflamma® 
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n Which when combined with the oxigenous princi- 
le, the baſe of vital air, is ſuſceptible of a ſolid form, 
{in the inſtance of ice. This baſe being confidered 
one of the eſſential principles of Water, muſt be diſ- 
inguiſhed by a name expreſlive of that property. We 
are adopted the word hydrogene, or hydrogenous prin- 
ple, as anſwering the purpoſe, And we call water a 
ampound of the oxigenous principle, or the baſe of vital 
u, and the hydrogenous principle, or the baſe of in- 
L:mmable gas. And as there are many inflammable elaſ- 
ic fluids, ſuch as alcohol, ether, volatile oils, &c. when 
educed to elaſtic fluidity ; we diſtinguiſh this principle 
vater in its aEriform ſtate by the name of hydroge= 
u gas. 

In a future chapter we ſhall have occaſion to re- 
ew this important ſubject; in this place it is ſuf 
cient to have ſhown, that water is not a ſimple, but 
decompoſable body. Nature in her grand opera- 
ons effects the ſeparation of principles with much 
greater facility than art, and by many more ways 
han art can ever diſcoyer or adopt. It is in con- 
equence of its decompoſition that water purifies 
he atmoſphere, by pouring into it ſtreams of vital 
Ir; that it contributes to the formation of ſaline 
atters, of the principles of which pure air is al- 
ays one; and that ſuch a quantity of inflammable 
pas is often diſengaged from ſtagnant waters, as ſome- 
mes to overload the atmoſphere, and to produce ig- 
eous meteors, in conſequence of being kindled by 
be electric fluid in its ſtruggles to maintain its equi» 
brium. Laſtly, This fine diſcovery of the compo- 
Vol. I. M nent 
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nent principles of water, its decompoſition and u | 
compoſition, illuſtrates and explains many of the phe. 
nomena of nature, partteularly the renovation g 
the atmoſphere, the ſolution of metals, vegetatin 
fermentation, and putrefaction; as ſhall be ſhow 
more at large in ſeveral ſucceeding chapters of thi 

work. | 


3 


AP 


CHA P. VII 


Of Earth in general. 


HE philoſophers of antiquity believed in the ex- 
itence of a fimple ſubſtance, the principle of 
ardnefs, gravity, dryneſs, and fixity, and the baſe of 
Il folid bodies, to which they gave the name of earth. 
[his opinion, founded ſolely on abſtract reaſoning and 
ypotheſis, has long been taught in the ſchools, and is 
lill maintained by a number of philoſophers. Para- 
elſus gave the name of earth to all reſidues obtained 
Wy analyſis. But ſucceeding chemiſts following the 
rice of Glauber, to examine reſidues with as much 
tention as products, were ſoon convinced that thoſe 
ere far from being pure earth; and the opinion of Pa- 
celſus was of conſequence exploded. Boerhaaye hav- 
g adopted the notion of Paracelſus under ſome re- 
Icictions, obſerved, that after every analyſis, there re- 
ained a dry, infipid, heavy, colourleſs matter; poſ- 
ſling in ſhort all the properties of earth. But theſe 
atters, when chemically examined, are found to dif- 
r ſo conſiderably from one another, that they cannot, 
th any propriety, be comprehended under one gene- 
ul denomination. ; 
Beccher, as has been already mentioned in our account 
Principles, admitted three different kinds of earth; 
trifiable, inflammable, and mercurial. Stahl conſi- 
red the firſt of theſe as the only genuine earth; and 
M 2 Macquer 
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Macquer follows Stahl in thinking vitrifiable earth yy 
pureſt and the moſt elementary. 

In order to determine what judgement we ought u 
form on this matter, let us firſt examine attentiyely th 
properties which chemiſts agree in aſeribing to elemes 
tary earth. We find ſix which have been conſider 
as its diſtinguiſhing characteriſtics; namely, gam 
hardneſs, inſipidity, fixity, infuſibility, and inalten. 
bility. But all of theſe properties are found as yd 
in the earth which forms the baſe of rock. ciyſiſ 
quartz, and vitrifiable ſtones in general, as in clay 
If then a number of ſubſtances, conſiderably differat 
from one another in many reſpects, be found to poll 
in common all the diſtinctive properties attributed ij 
elementary earth, are we to conſider them as ſo may 
ſimple primary earths? Or, ſhall we rather adopt f 
opinion of Stahl and Macquer, who, finding vitrifiabl 
earth to poſſeſs in a more eminent degree all the pn 
perties of elementary earth, conſider it as the only gt 
nuine primary earth, and the others merely as bod 
formed by it in combination with different principle! 

However plauſible this opinion, however reſpedable 
its authors, we cannot agree to conſider vitrifiable eart 
as the only primary and elementary earth: 1. Becaul 
this earth is not found in equal purity, even in all tit 
ſtones in which Stahl and Macquer have themlſeln 
admitted its exiſtence ; for inſtance, let quartz, rock 
cryſtal, and flints, be examined and compared. 2. Men, a 
cauſe all the diſcriminating properties of earth are fou 
to belong to many ſubſtances which differ from vitrl 
able earths only in poſſeſſing thoſe charaReriltics it 


leſs eminent degree. 3. Becauſe vitriſiable earth la 
ook 
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ot been hitherto ſhown to be, as ſome chemiſts think it, 
de baſe of all ſolid matters, and of all the various kinds 
of earth. 5 

We muſt adopt the following ſentiments with re- 
ard to this matter. We obſerve many ſubſtances 
nature poſſeſſing the properties of earths ; among 
phich it is impoſſible to diſtinguiſh which is the 
noſt ſimple, as chemiſts find them all to poſſeſs near- 
y the ſame degree of ſimplicity : Beſides, though 
ne of theſe ſhould be demonſtrated to be more fim- 
le than the reſt, it would be farther neceſſary to ſhow 
hat it enters into their compoſition, and conſtitutes the 
principle of their coherence and ſolidity. Wherefore, 

thout preſuming to determine what is properly ele- 
nentary earth, we ought to admit the exiſtence of va- 
ous kinds of earths, and to ſtudy their properties, in 
der that we may recogniſe and diſtinguiſh them when. 
rer chemical analyſis offers any of them to our atten- 
on, combined or ſeparate. 

Chemiſts have long allowed the exiſtence of ſeveral 
nds of earthy matters: but the earlier claſſifications of 
heſe matters are faulty, becauſe the properties aſlumed 

characteriſtics were neither ſufficiently numerous nor 
ch as the ſubſtances were certainly known to poſſeſs. 
uch, for inſtance, is the diviſion of earths into mi- 
eral, vegetable, and animal: for though the fixed 
fidues obtained by a laſt analyſis of organized mat- 
ers, after lixiviating their aſhes, be generally deſtituts 
f taſte or ſmell, dry and indiſſoluble, yet theſe pro- 
erties are not ſufficient to entitle them to a place a- 
ong the earths, as they poſſeſs neither inalterabili- 
„ infuſibility, nor ſimplicity. That ſubſtance which 
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dered this ſubject only in general, fo far as it is co 
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compoſes the dry, ſolid baſe of animal bones, ay 
which, from its dryneſs, inſipidity, and inſolubiliy, 
had obtained the name of earth, has been, within the 
few years, diſcovered to be a true ſaline matter; u 
we ſhall ſhow at large in the chemical hiſtory of tþ 
animal kingdom. And we may with great probalj 
lity conjecture, that the inſipid, inſoluble parts, hic 
remain after the laſt analyſis of other animal matter 
are of the ſame nature, The name metallic earth 
given to the calces of metals from their dryneſs, ad 
becauſe ſome of them are deſtitute of ſmell and ing 
Pable of ſolution, does not properly belong to then; 
for they are extremely fuſible, and are, every one 
them, compounds, as ſhall be afterwards ſhown, 
The mineralogiſts who have treated of the hiſtory 
earths, have farmed a more regular and accurate u 
rangement of them than chemiſts, who have con 


nected with the theory of chemiſtry, Moſt of the te! 
dern philoſophers who have attempted a claflificatuMecypC 
of theſe matters, have characterized them by thlaW(ubl 
chemical properties, and have by that means thronWMezrth 
much new light on the natural hiſtory of the minen been 
kingdom. Wallerius, Cronſtedt, and Monnet, hay Only 
given complete ſyſtems of mineralogy on this acctus 
No chemiſt has made more numerous experiments Blac 
earths and tones than Pott, who has given a metbownny ulluſt 
cal arrangement of thoſe bodies according to bis exam 
obſervations, The continual labours of M. D'Arcy conſi 
and the many analyſes of ftones made by Bergmann the r 
and Bayen, likewiſe merit the higheſt praiſe, We a Aud 
not attempt to exhibit and compare the ſeyeral ch chen 
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$cations of theſe philoſophers : our preſent object is 
not to detail the natural hiſtory of earthy matters, but 
ne- ly to give the reſults of the various reſearches 
which have been directed to this purpoſe, with a view 
to how how many Kinds there are of earth conſidered 
chemically, and what are the characteriſtic properties 
of each kind. 

Before proceeding farther, we muſt obſerye, that in 
dur opinion no diſtinction ſhould be made between 
earths and ſtones as to claſſification ; becauſe, when 
ve conſider them chemically, their ſubſtance is the 
fame, and only their aggregation different. Grit-ſtone, 
for inſtance, is but ſand agglomerated by the force of 
Aggregation; and {and is nothing but grit-ſtone, the 
integrant parts of which are divided, and their aggre- 
gation broken: the ſame chemical properties are com- 
mon to both, | 

Pott has divided earths and ſtones into four claſſes; 
the vitrifiable, the argillaceous, the calcareous, and the 
gypſeous. From later diſcoyeries it appears, that the 
ſubſtances hitherto known by the name of calcareous 
earths, are true neutral falts : gypſeous ſtones have 
been likewiſe diſcovered to be a kind of ſaline ſubſtance. 
Only two, therefore, of Pott's four claſſes of ſtones 
actually belong to this diviſion of natural bodies. Dr 
Black, whoſe name will long mark one of the moſt 
illuſtrious zras in the annals of modern chemiſtry, by 
examining the baſe of Epſom ſalt, has diſcovered it to 
conſiſt of a peculiar ſubſtance, to which he has given 
the name of magneſia, and claſſed it among the earths. 
And his opinion has been unanimouſly adopted by 
chemiſts, Bergman, in analyſing ponderous ſpar, has 
'M4 Aiccovered 


only two kinds of pure earth, equally fimple andg 
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diſcovered \a peculiar earth, to which he has given 
the name of terra ponderoſa, and which we oj 
barytes. 

We think theſe two laſt ſubſtances ought to he Fm" 
guiſhed from earths properly fo called, for reaſons tos 
mentioned in the following chapters. 

Thus we acknowledge as true earths none but fu 
matters as are abſolutely inſi pid, inſoluble and inſul. 
ble; and we diſtinguiſh, by a chemical examinatio 
what ſubſtances poſſeſs thefe properties. We adni 


qually elementary. 

The firſt is that which conſtitutes the baſe of rock 
cryſtal, quartz, grit- ſtone, flints, and of almoſt all ba 
ſcintillating ſtones, Its chemical character is to ſuſa 
no alteration even from the moſt violent action of fin 
but to retain its hardneſs, tranſparency, and all its otha 
properties, to whatever degree of heat it be expoſe, 
It has been called vitrifiable earth, becauſe it is the ov 
ly ſpecies of earth capable of forming, in combinatia 


with alkalies, tranſparent glaſs. But the name whid »y} 
we prefer is Alice, derived from that of filiceous ea ini. 
which has been likewiſe given it becaule | it is conſtant ard 
ly found in ſilices. l ce. 

The ſecond kind of earth which we conſider as e pr 
ple and pure, is pure argillaceous or aluminous cartliWerſio: 
The following properties conſiderably different frouenct: 
thoſe of the former ſpecies, form its peculiar charadWſ (oft 
However pure, it 1s almoſt always opaque ; or if it pen. 
ter into any tranſparent ſtones, theſe are much inetwe 
nor in tranſparency to filiceous ſtones, It is alwaWng c 
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liſpoſed in thin layers or laminæ, one above another, 


is diſpoſition correſponds to the cryſtalline form 
hich the former ſpecies conftantly affects. Though 
bare no ſtronger taſte than ſiliceous earth, yet 
t appears to act in ſome manner on our organs; for it 
heres to the tongue: which property naturaliſts ex- 
refs by ſaying, that it ſticks to the tongue. Its force of 
egregation is never ſo ſtrong as that of the former 
arth ; for which reaſon argillaceous ſtones are never 
ery hard, but may be broken by a blow with a ham- 
ner, without being cut or ſtruck till they gave fire, 
ke ſeintillating ſtones. The aggregative force of alu- 
pinous earth being ſo weak, renders it much more ſuſ- 
eptible of combination than the other kinds; and ac- 
ordingly clays are much ſeldomer found pure than 
ther quartz or rock-cryſtal, From this it may be 
afily inferred, why clays are almoſt always coloured, 
nd why few of them poſſeſs all the properties of the 
luminous character in any eminent degree. Alumi- 
ous earth ſuffers an alteration from the action of heat, 
d which filiceous earth is not liable. Inſtead of re- 
aning, like the latter, unchanged when expoſed to 
ardent heat, it acquires an addition of aggregative 
bree, It even aſſumes, in ſuch circumſtances, ſome of 
e properties of the ſiliceous earth, its hardnefs and a- 
erſion to combination. Water acts on aluminous earth, 
netrates into its fubſtance, adheres to it, and renders 
loft and ductile. The exiſtence of this combination 
ppears from the difficulty with which the adheſion 
etween theſe two ſubſtances is overcome, a ſtrong and 
dg continued heat being neceſſary to effect a ſepara- 

dlon 
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tion between them, The properties which this ſpeci, 
of earth poſſeſs of compoling a paſte with water, ay 
becoming hard by the action of fire, render it x very 
valuable material in the arts, Laſtly, another proge, 
ty of aluminous earth, which diſtinguiſhes it from th 
filiceous ſtill more than any of. the former, is its cap, 
city of entering into combination with a vaſt nunhe 
of other bodies. So ſubje is aluminous earth to the 
affinity of compoſition, that we find it a principle i 
many compounds: and for this reaſon we haye elif 


order that it may be readily recogniſed hen obtain 
in analyſes, | 

Theſe are the two kinds of earthy matter which g 
pear worthy of being conſidered as diſtinct clafles, af 
likewiſe as elementary ſubſtances, fince they haye ad 
hitherto been decompoſed. We. are not ſufficient 
acquainted with their origin, their formation and they 
chemical properties, to pronounce as ſome chem 
have ventured to do, that one of them is ſimpler thy 
the other, and that the other is nothing but a modi 
cation of it. We cannot think ourſelves as yet auth 
riſed to advance, that the earth of rock-cryſtal, or li 
ceous earth, is the baſe of the aluminous, to conſlityl 
which it only needs to be attenuated, divided, u 
wrought up in a particular manner; becauſe no chem 
has hitherto accompliſhed ſuch a tranſmutation. 

The two carthy matters, of the properties of hid 
we have here taken a general view, are ſeldom fou 
pure. Rock- cryſtal is the only body wich affor61 
liceous earth in this ſtate; doubtleſs becauſe it is © 
cellively hard, and poſſeſſes the force of aggregation! 
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2n high degree. Even there, it is often coloured by 


r, me addition of ſome extraneous ſubſtance. In quartz 
a very WW: ſtill oftener altered by combination with ſome co- 
roper, WMWouriog matters. But, aluminous earth is till ſeldomer 


fund pure. In ſhort, almoſt all the earths and ſtones 
which naturaliſts have diſtinguiſhed by different names, 
we compounds of one or two ſimple earths, or of ſaline 
thy ſubſtances, particularly of chalk and magnefia, 
zod ſometimes of metallic matters, of which iron oc- 
urs the moſt frequently. To be convinced of this, 
he reader needs only to caſt his eyes on M. Monngt's 


heir conſtituent parts. That chemiſts plan of arrange- 
nent certainly merits no ſmall praiſe ; but while it ex- 
les, M ibits to view all the advantages which lithology can 
ave ere from chemiſtry, it at the ſame time ſhows how 
cient rye are from an accurate and certain claſſification of 
nd the ves according to their chemical properties, This ſub- 
chem ed falls under our diſcuſſion in the following chapters. 
ler thy | 
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PART. SECOND. 


The Mineral KINGDOM: MinxRALooy, 


SECTION I. 


EaARTRHS and STONES. 


C HA P. I. 


General View of Mineralogy: General Diviſſon of Mk 
nerals, and particular Diviſion of Earths and S eme 
their various Cbaracteriſtics. | 


LL the bodies of the globe which we inhabit a! 

the objects of natural hiſtory. So grand an 
ſublime is this ſcience, when conſidered with aà 
to its general ſcope ! ſo extenſive, when traced th med 
all the minute details into which it enters! Its M mal 
ſervation ranges from the meteorous phenomena ne! 
the atmoſphere to the changes which the matters & 
poſited in the ſtrata of our earth undergo. All a i; 
bodies ſcattered over its ſurface, ſeas, lakes, m 
brooks, mountains, hills, valleys, plains, and caven 
engage the attention of him who cultivates natural Met ics 
ſtory. The inanimate matter of the globe, and Wye p 
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zuimals inhabiting it, are equally the ſubjects of his cu- 
nous inquiry. The eye of genius may indeed com- 
chend the whole under one grand and extenſive 
ew: but humble ſcrupulous obſervation confines it- 
elk to minute detail; detaches the ſeyeral parts of this 
vreat whole; examines them apart from one another; 
ind thus divides the ſcience into a number of ſeparate 
branches. Many a man of invincible perſeverance, has 
ent his life in obſerving and deſcribing the manners 
nd operations of inſects; and yet the ſubject is not ex- 
uſted, | | 

The ſtudent might therefore be deterred from the 
ludy of natural hiſtory as too arduous and diſguſting a 
ak; but thoſe who have ſucceſsfully proſecuted the 
ence, have endeavoured to ſmooth the difficulties of 
te road to its attainment, by adopting means for ren- 
gering it eaſier of comprehenſion, and for affiſting the 
nemory. Theſe are called methods, They conſiſt in 
nangements of natural bodies, according to their pro- 
ties. The charaQeriſtics on which ſuch a elaſſifica- 
jon is founded ought to be ſtriking and invariable, 

One of the moſt diſtin and important is a diviſion 
{all natural bodies into three great orders, which are 
ned kingdoms ; the mineral, the vegetable, and the 
nimal, Though the two laſt of theſe ſeem to poſſeſs 
me leading properties in common, yet the difference 
tween them in point of form and exterior organiza- 
on is ſufficient to make us conſider them as ſeparate 
ders. 
cem \linerals compoſe the ſolid maſs of the globe, or at 
alt its exterior cruſt through which the efforts of men 
e penetrated. Their bulk and dimegſions are in- 

creaſed 
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ereaſed only by the juxta-poſition of their parts and i 


their attraclive force. They are liable to no ching t 
or variation, but ſuch as aro occaſioned by the muta ra 
ehemical ation of bodies. And for theſe reafons eie 
are named rude, inorgarized, inanimate bodier. or 

Vegetables, again, increaſe by the operation of au. 
terior powef: they have organs to refine and come hc 
into nourifhment, the juices which they deriye from the 1 
earth and the atmoſphere. They ſpring up, live, inn. 
die; by a real generation, they propagate other bod f 
like themſelves. rt 

Laſtly, Auimals have organs more complex than uud 
of vegetables; undergo more rapid changes; and; bic 
from their ſuperior ſenſibility and loco-motiye poi te 
much more ſubje& to the influence of ſurrounding te, 
dies. be t. 

The branch of natural hiftory which comp Ford 
the deſcription of minerals, is named mineralogy. | to 
firſt naturaliſts who attempted claſſification, arm ade. 
minerals into a great many claſſes. They admitted it Mo 
their arrangements, as ſo many diſtin orders of min are 
rals, water, earth, ſand, foft ſtones, hard ſtones, che 
cious ſtones, figured ſtones, falts, ſulphur, pyrites, u of 
nerals properly ſo called, and metals, &c, Concerni Ing 


the progrels that mineralogy has made ſince the da unt 
Henckel, one of the firſt who wrote in a method 
manner on this department of natural hiſtory, till Wont 
appearance of M. Daubentan, whoſe claffification t, 
maſter-piece of accuracy and preciſion, the reader i ced | 
conſult the ſyſtems publiſhed during that period; lies, 
which a collection has been made by M. Monge: ee 
x 4 
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1 He traces the ſucceſſive improvements which 
ange ſcience has received from the labours of Bromel, 


mer, Henckel, Wolterſdorff, Gellert, Cartheuſer, 


ome de Lille, Cronſtedt, De Borne, Monnet, Berg- 
nan, Sage; concluding with thoſe of M. Daubenton, 
bo has accompliſhed all that could be wiſhed. | 

To make ourſelves acquainted with minerals, the firſt 


ſes marked, each by ſome leading and diſtinct pro- 


Fader the firſt, we ſhall arrange thoſe ſtones and earths 
hich are inſipid, inſoluble, and incombuſtible: under 


te, ſoluble in water, but incombuſtible : and, under 
e third, combuſtible ſubſtances inſoluble in water, and 
ſording either a weaker or ſtronger flame when expo- 
d to the contact of fire, and at the ſame time not ex- 
uded from the acceſs of air. 


rrange 

ted Most of that part of the maſs of our globe with which 
f min are acquainted conſiſts of earths and ſtones, which 
es, mT their infipidity, inſolubility, and incombuſtibility, 
tes, 10 diſtinguiſhed from ſalts and inflammable bodies. 


ing regularly arranged in ſtrata or layers, they form 


» day ontains, hills, and plains ; in mountains, they are diſ- 
choc ed either in huge ſhapeleſs maſſes, or in inclined ho- 
til M antal layers; in plains, they are ranged in horizontal 
tion r, and covered with a bed of vegetative earth, pro- 


ader ed by the accumulation of the remains of organized 
les. Often, however, ſuch large maſles appear un- 
Ca regular cryſtalline form in ſubterraneous cavities 


or 


Manuel du Mineralogiſte.— Faris, 1784.—F. 


Infti, Lehman, Wallerius, Linnzus, Vogel, Scopoli, 


king to be done is, to diſtinguiſh them into ſo many 


rties. We ſhall accordingly divide them into three. 


te ſecond, faline matters, having a ſtronger or fainter 


\ 
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or elefts. Moſt of them appear to h ftebeen formed by 
the action of water; and it is continaally dividing, ; 
tenuating, and tranſporting them from one place to a 
other, and cauſing them to undergo many other cha 
ges. The natural hiſtory of theſe bodies conſtitus 
geology and lithology; the firſt treating of earths, the ; 
cond of ſtones : But the two ſhould be united under om 
claſs ; for all earths, excepting mould formed of the x 
ſidues of putrefied organized ſubſtances, are nothing hy 
ſtones, the aggregation of which is deſtroyed; at 
ſtones again are formed by the union of earthy matten 

As there are a vaſt number of different Kinds g 
earths and ſtones, and a knowledge of them is high 
ly important in ſcience, as well as of great uſe i 
the arts of life; philoſophers have ſought to diltingui 
them from one another, and to give certain direcha 
for recognizing them wherever they occur. Ancie 
naturaliſts did not think of dividing them into diſt 
claſſes by their peculiar properties; they were conta 
with deſcribing their general qualities, and follow 
the order cf their real utility or fancied value. Ten 
the ſtones, therefore, mentioned by Pliny in his u 
ral hiſtory, can now be found. Modern naturalilts, d 
ſerving the inconveniencies which attend this way 
deſcribing ſtoves, have adopted a different method, 
order to eſtabliſh more obvious and laſting diſtincia 
By obſerving their exterior and ſenſible properties, ti 
have arranged them into orders, genera, and ſpech 
and have thus rendered the ſtudy more eaſy and i 
vantageous. 

Form, hardneſs, interior ſtructure, colour, and! 
appearance they exhibit when broken, are the pi 


la 
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i which have been aſſumed as charactetiſties of earths 
ind tones. To theſe ſome naturaliſts have added ſome 
their chemical properties, eſpecially. the manner in 
«hich they are affected by fire, and the alterations 
rhich they ſuffer from acids. Let us here examine each 
theſe properties, in order to underſtand the applica- 
on of the general principles of lithology to the parti- 
lar hiſtory of each of the genera of ſtones, 


(1. Form confidered as a Characteriſtic of Stoner. 


By the form of Stones, we underſtand the order and 
ative arrangement of their ſurfaces, - The eye, at 
Whe very firſt glance on a collection of ſtones in a eabi- 
jet, perceives ſome of them to be of a regular geome« 
ical figure, and others irregular maſſes ; and obſerves, 
at regularity of form is in ſome inſtances accompa-' 
ied with tranſparency, in ſome with opacity. Uni- 
drm obſervation has eſtabliſhed it as a certain fact, 
at ſome ſpecies of ſtones always follow a particular 
ode of cryſtallization ; while others never appear but 
is nat irregular fragments. Several naturaliſts are of opi- 
jon, that all ſtony matters poſſeſs the property of aſ- 
ming a cryſtalline form; that ſome indeed poſſeſs it 
an higher degree, and diſplay it more invariably than 
bers, but that all have ſome peculiar cryſtalline form, 
hich appears in their minuteſt particles. Such is the- 
pinion of M. Rome de Lille, who has given a very c- 
jous and accurate hiſtory of the various eryſtallizations 
| mineral ſubſtances x. That philoſopher arranges the 
rms in which ſtones and all other mineral bodies ap- 
Vor. I. N peur, 


andi 
e prop 


Voxes ſa Criſtallographie, ad edit. Paris 1783. 
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we cannot gain a ſufficient knowledge of the cryſtalline 


| ſometimes the nature of theſe ſubſtances ; and ofte 


dg. Form: ChiraBeriftic of Stand 


pear, under the three denominations of determina; 
indeterminate, and confuſed cryſtallization ; and ſhowy 
that there is no mineral ſubſtance but appears in one q 
other of theſe ſtates. But the truth is, ſo many of then 
affe& the ſecond mode of cryſtallization, and the thin 
which is irregular and difficult to be diſtinguiſhed, thy 


form of ſtones, to authorize us to aſſume this as one g 
their determinate characteriſtics. Yet a number d 
mineralogiſts have formed general ſyſtems of litholog 
and mineralogy on the principle of the regularity d 
the form of ſtones and minerals. Linnzus was the fi 
that adopted this plan of claſſification ; and though ꝶ 
has not entirely accompliſhed what he propoſed in is 
troducing it, he at leaſt directed the attention of ſus 
ceeding naturaliſts to this property of ſtones, and « 
pened the way that has led to all the diſcoveries whit 
have ſince been made on this ſubject. 

Such is the ſtate of the preſent opinions concerning 
the connection between cryſtallography and the ſtud 
of ſtones and minerals. It explains the formation, and 


helps us to recognize and diſtinguiſh them from one 
another: but it is not adequate to form the baſis of 
complete ſyſtem of mineralogy; it is only one of tit 
means to be employed in a claſſification of minen 
That eminent philoſopher M. Rome de Lille, to whol 
labours we are indebted for ſo much of our knowledg 


concerning the peculiar forms of minerals, has nd y, b 


founded his diviſions of theſe bodies on their cya 
lization alone; inſtead of making this form the greg. e. 


principle of his claſſification, he has only examined a 
deſcrids 


Hardneſt, a Chara@eriſtic of Stoner. = 95 
4fcribed the forms of mineral ſubſtances, claſſed ac. 


ending as their nature is ſaline, ſtony, or metallic, and 
erding to the various combinations into which they 


nter. 


Ji Hardneſs canfidered as a Characteriſtie of Stones. 


Turat are a great many varieties of the aggrega- 
on of the component particles of ſtones, of which li- 
jologiſts have happily availed themſelves to diſtin- 
uin them from one another. Some have ſuch ſtrength 
aggregation, and ſuch a degree of hardneſs, that 
ey yield not even to the beſt tempered ſteel, ſuch as 
ms or precious ſtones, Others yield, and may be 
t with inftruments, but not without difficulty, ſuch 
quartz, flints, bard grit-ſtone, porphyry, and gra- 
te, All of theſe ſtones when ſtruck ſmartly againſt a 
el blade produce a great many ſparks; which pro- 
y has gained them the name of /cintillating or igne/- 
ut loner. Thoſe ſparks are minute pieces broken off © 
om the ſteel by its collifion with the tones, and kind- 
8 by the heat which that collifion produces: that 
at is even ſo intenſe, that the particles ſtruck off from 
e ſteel are melted; and if they be collected on a 
ce of white paper, and viewed through a magnifier, 
ey will appear a parcel of half. calcined, half-vitrified 
iz, like the droſs of forges. As the ſtones which 
in this manner on ſteel are not all of the ſame den- 
J, but vary from the hardneſs of gems and rock- 
ſtal to the ſoftneſs of ſand-ſtones and vittifiable brec- 


Na. ſmaller 


8 recently formed, they muſt afford a greater or a 
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ſmaller quantity of ſparks, according to their reſpe&in 
grees of hardneſs. | 

There are a great many other ſtones, the aggreguin 
force of which is much leſs confiderable, and hd 
are ſo ſoft that they may be eaſily cut with ſteel inf, 
ments. Some of them, ſuch as marble and alabafy 
are ſuſceptible of a fine uniform poliih. The reſt, a 
among theſe almoſt all argillaceous ſtones, admit ou 
of an imperfect poliſh, and always retain a dull, gr 
ſy appearance, We can at any time judge of the har 
neſs of thoſe which poſſeſs this property in ſo modem 
a degree, and of the poliſh of which they are ſuſceyii 
ble, by wetting their ſurface. This ſimple proceſs cos 
municates to them a momentary poliſh, which dil 
pears in proportion as the moiſture evaporates. 

It is to be obſerved, that many other ſtones bel 
the claſs of igneſcents produce a real ſcintillation whe 
ſtruck againſt ſteel ; the reaſon of which is, that ſud 
ſtones are mixtures, containing ſome igneſcent pa 
Thus, ſome. kinds of marble, and many calcareq 
breccias, ſcintillate when ſtruck againſt ſteel ; becaul 
they contain quartzoſe or flinty particles, intermin 
with the calcareous matter of which they are mol 
compoſed. 

The gravity of ftones is neceſſarily proportioned! 
their denſity. Some naturaliſts have conſidered tl 
property as. of great importance in a claſſification! 
ſtony matters. M. de Buffon conſiders ſpecific gran! 
as one of the beſt means to enable us to diſtingu 
their particular character. But ſuch nice and accum 
experiments are neceſſary to determine the relatives 


vities of ſtones, that this property cannot very well K 
aſſume 


af 
ne 
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zſumed as the baſis of a lithologic method ; as plain- 
ve and ſimplicity are highly requiſite in the elements 


pate e this branch of natural hiſtory. 

which 

inſtry M. Of che Fracture, Confidered as a aracteri ih of 
abaſter Stones. 


ſt, and g 
ut onl Att ſtones when broken diſplay a certain arrange- 
„ greviWroent of their integrant parts, an interior contexture 


and diſpoſition of their particles: but this, ſo far from 
heing uniformly the ſame, is infinitely diverſified 
rough the various claſſes of ſtony ſubſtances. To 
his appearance which ſtones preſent when broken, li- 
hologiſts have given the name of fracture. By obſer- 
ing it, we may learn ſome particulars which will be 
ff uſe to help us to diſtinguiſh their peculiar characters. 
From a compariſon of ſuch obſervations as have been 
made on the interior ſtructure of ſtones, it appears 
that the ſeveral ſorts of fracture which they afford may 
te reduced under certain heads. Some, like glaſs, give 
ooth poliſhed ſurfaces of a curved figure. This is de- 
nominated the vitreous fracture ; It appears very diſ- 
traly in rock-cryſtal, quartz, &c. 
Others again diſplay ſarfaces, which are uniformly 
Imooth, but in their figure alternately convex and con- 
ave, The pieces may be neatly re-united. This is 
alled the conchoidal fracture. The correſponding con- 
exity and concavity are of various forms and ſizes, 
mde, narrow, round, oblong, deep, ſhallow, &c. ; 
as in ſeveral kinds of flint, jaſper, agate, and petroſilex. 
There is another kind of ſtones, which when broken 
exhibit on their ne ſurfaces an aſſemblage of round 
N 3 projecting 
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projecting points, ſimilar to grains of ſand worn by ma: 
ter: this is called the granulated fracburr, and is very 
obſervable in ſand-ſtone, The ſize and other xarieties 
of the granulation conſtitute a number of diſtinctions a. 
mong the ſtones of this ſpecies, ſerving to diverſify 
their characters. It is of this ſpecies we ſpeak when 
we ſay fine or coar ſe grained ſtones. 

Laſtly, There are many ſtones, the fracture of which 
ſhows them to conſiſt of ſmooth equal lamine, diſpoled 
one over another. Moſt of theſe are ſtones which beat 
the name of ſpars ; and this 1s therefore denominated 
the ſparry fracture. Theſe laminæ differ from one ano. 
ther in extent, magnitude, thickneſs, tranſparency, and 
poſition with regard to the axis of the cryſtallized ſtone; 
for all the brilliant ſtones of this fracture exhibit a real 
cryſtallization, Such as are dark and without-luſtre, 
are only ſaid to be lamellated, not ſparry. The diſpofi- 
tion of the laminæ, ſo much diverſified in gems, and 
calcareous, vitreous, and ponderous ſpars, is what oc- 
caſions the brilliancy of talc, and the ſeveral kinds df 
feldt-ſpar, ſuch as cat's eye, the avanturine, = labra« 
dore ſtone, &c. 

Some writers on this ſubject have arranged ſtones ac. 
cording to their fracture, conſidered in conjunction 
with their general form. In the year 1755, Cartheuſer 
publiſked a ſyſtem of mineralogy, in which he diſtin. 
guiſhes ſtones into lamellated, fibrous, ſolid, and granu- 
lated. But fracture alone is inſufficient for the princi- 
ple of a claſſification of ſtones ; it muſt be taken toge 
ther with the other charcteriſtics which are examined 
in this chapter “. 


61V. 


See L' Introduction a la Sciag rapbie de Bergman, par M. Monge: 
1 Feune, page 21—F. 
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z. Colour confidered as a Charatteriſtic of Stoner. 


Tzar diverſity of colours which we obſerve in ſtones, 
« occaſioned by the various combuſtible or metallic 
ſubſtances which enter into their compoſition, Some - 
times the whole tone is of the ſame colour, and ſome. 
E times variegated. The colouring part of ſtones is ge- 
nerally an accidental property of their nature; the pre- 
ſence of which is not abſolutely neceſſary, and which 
is liable to great varieties. There are indeed ſome kinds 
of ſtones which are pretty uniformly coloured, ſuch as 
cryſtallized gems, ſchorls, and tourmalines; and in 
theſe the colour may be aſſumed as a characteriſtic. 
But as there are other ſpecies, and more eſpecially va- 
rieties, of which it cannot be conſidered as a diſtinguiſh- 
ing property, lithologiſts therefore do not refer to it as 
a principle of claſſification. 

Where colour may be conſidered as a characteriſtic 
property, we muſt diſtinguiſh between ſuch ſtones as 
are all of one colour, and uniformly opaque, or uni- 
formly tranſparent, and ſuch as are variegated with 
ſpecks or veins; we muſt likewiſe take notice of the 
number of the colours which appear in any maſs of 
ſlone; as in marble, for inſtance, there are ſometimes 
no fewer than fix or ſeven. According to the number 
and the diſpoſition of the colours in thoſe: bodies, they 
are diſtinguiſhed into ſtones of one, two, three, or four 
colours, variegated, ſpotted, veined, punQuated, cloud- 
ed, flowered, figured, herboriſed, &c. D 
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§ v. Alteration produced by Fire, conſidered as a (hy. 
racteriſtic of Stoner, 

SEVERAL mineralogilts, not content with obſerying 

the exterior and more obſervable qualities of ſtones, 


have extended their inquiries to their chemical proper, 


ties, with a view to aſſume theſe as grounds of diftine. 
tion. The particular alteration which any ſtone ſuſſen 
from the action of fire, is conſidered by many litholy. 
giſts as an excellent mean for enabling us to aſcertain 
its peculiar nature. They have obſerved, that fire de. 
prives ſome ſtones, ſuch as quartz, of their tranſparen- 
cy and hardneſs, without n. their nature or i 
tering their eſſential propefties: others again, ſuch a 
rock-cryſtal, have been found to loſe not even thei 
denfity and tranſparency when expoſed to the ading 
of heat: and others have been found fufible and tran 
mutable into glaſs of various colours; of Which Rind 
ſchorls, zeolites, aſbeſtos, amianthus, and granites; 
laſtly, there are ſtill many others, fuch as calcareoy 
ſtones, which fire deprives of part of their weight, de 
froying their conſiſtency, and rendering them folubi 
in water, without melting them. Other experiments 
managed with more careful attention, have fhown, thi 
ſome ſtones loſe their colour by fire, and that to ſont 
it communicates a deeper-ſhade. Such in general 1s tit 
reſult of the experiments of Meſſrs Pott, DYArcet, a 
many other chemiſts. 

To complete the natural hiſtory of ſtones, it is necth 
ſary to take notice of theſe alterations, and to mal 


their differences. It appears in general, that fimps 
{tons 
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ones are liable to the leaſt alteration of their proper - 
ties by fire: and that in proportion as a ſtone is more 
a: leſs compound, it is more or leſs ſubject to ſuch an 
alteration, But till the obſervation of theſe alterations 
cannot be of much benefit to lithologiſts, as the expe- 


Cha. 


'rving 


tones, ments neceſſary to diſcover them are tedious and diffi- 
roper. cult; whereas the properties aſſumed as characteriſtics 
tine. a claſſification of ſtones, ſhould be ſuch as are obvious 
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to the eye, or at leaſt may be diſcovered by a ſimple 
xpeditious proceſs, 

Sometimes, indeed, when we cannot determine the 
nature of a ſtone by obſerving its external properties, 
e may have recourſe to the alteration which it ſuffers 
om the action of fire, by means of the blow- pipe, an 
genious contrivance of Bergman's. Yet notwith- 
anding the ingenious ſimplicity of this invention, the 
jeceſſary apparatus is ſo incommodious, that it can 
arce be rendered portable, ſo as to be uſed in a litho- 
| gie excurſion, but muſt remain confined to the labo- 
anites: WWW: cory *. 
catecu | 


e V. The Action of Acids conſidered as a Characteriſlic 


ſolude 
| Stones, 
[LmMents id | ; 
vn, wü Acrps are the ſolvents ofteneſt uſed in chemiſtry. 
to ſom Though 
al 1s tht | | 
et, anl * See Bergman on the blow-pipe, at the end of his Chemical Eſ- 
b, tranſlated into Engliſh by Dr E. Cullen, London 1784. 
All the apparatus neceſſary is a blow-pipe, a piece of charcoal, a 
's necek {l ſilver ſpoon, and three ſmall phials containing ſoda, fuſible falt, 
.o man berex; and the proceſs may be performed in any place where a 


idle can be ſheltered from the wind. Complete apparatus for the 
tpcle, in a box no larger than'a book in twelves, are ſold at a Mr 
cun's, bockſeller, near the Strand, London.— H. 
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Though we have not yet treated of theſe falts, yet ith {o 
we muſt here ſay a few words of the phenomena en tl 
ſtones exhibit when brought into contact with tent ger 
The greater part ſuffer no alteration from acid ſaly! ith ot 
but ſome diſplay a very obſeryable motion, and ad { ana] 
gitation ſomewhat like a flight ebullition, if a dro * 

N y 


the nitric acid be cauſed to fall through a glaſs. tube q 
their ſurface. This phenomena bears the name of g 
ferveſcence. It is owing to an aëriform ſubſtance, whig 
being diſengaged from the ſtone by the action of th 
acid, riſes through the acid in a number of ſmall bi 
bles. That elaſtic fluid is itſelf a peculiar acid, diſengy 
ged by the more active acid poured on the ſtone, al 
is the product of an actual decompoſition. © All eil 
reous ſtones exhibit this efferveſcence when brouglt 
into contact with acids: the nitric acid produces th 
moſt powerful effects, and is moſt commonly employrl 
on ſuch occafions. The diſengagement of an atrifom 
acid is a proof that the matter from which it iſſues 81 
ſaline combination: But as this combination is inſoluble 
and without any diſcernible tafte, and as it comple 
moſt of the exterior layers of the globe of the earth, u. 
turaliſts always conſider it as a ſtony ſubſtance. 
Stones may therefore be divided into efferyelcent 
and non-efferveſcent. And a ſmall phial full of nim 
acid becomes of conſequence a neceſſary article in ei 
curfions to examine and collect ſtones. This, togeibe 
with the magnifier and the ſteel, are all the inſtrumedt 
which the lithologiſt needs to carry with him on ſul 
an expedition, | 
Since Bergman recommended the examination & 


ſtones by fire with the blow-pipe, they are alſo afſayed 
| vit 
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ih ſoda, borax, and fuſible ſalt, which act variouſly 
non them according to the differences of their nature, 
at generally produce fuſion in ſome degree, together 
ith other phenomena. We ſhall explain this method 
{ analyſing ſtones more particularly in the chapter 
which we treat of all the methods of effecting that 


jalyſis, 


CHAP. II. 


The Lithologic Method of M. Daubenton, extracted fm 
bis Tableau de Mineralogie. 


Ny” of all the mineralogiſts who have attempt 
a methodical arrangement of ſtones, has given 

more accurate or perſpicuous claſſification than 
Daubenton. The ingenuity with which this natural 
ſo deſervedly celebrated, has contraſted the char 
iſtics of thoſe ſubſtances, renders his method morex 
curate and uſeful than any before propoſed. 
properties which he has aſſumed as charaQeriſtics a 
all invariable and obvious. They are chiefly regu 
rity or irregularity of form; the yarious degrees 
tranſparency and opacity ; conſiſtency or hade 
the poliſh of which flones are ſuſceptible ; the formd 
reſpective arrangement of the integrant parts, which Her 
caſions the vitreous, conchoidal, granulated, lamell 
ed, and ſpathoſe fractures; colours, in thoſe inſtan 
in which they are not accidental; a duſky, brilliact, 
mildly lucid ſurface. As it would be impoſſible toi 
prove upon the perſpicuity and accuracy of M. Du 
benton's ſyſtem, all that we ſhall here do, is, to lay 
fore our readers his diviſion of earths and ſtones, wk 
has exhibited it in his Tableau Methodique de Minerautt 
F I RSI 


* Tabl:au Metbodigue des Mineraux, ſuivant leurs difſerentes nds 
et avec des charaderes diſtindtiſs, apparent ou faciles 2 reconnoitre ; #® 
Daubenton, &c. Paris, chez Demonvile, Pierres, Debure, Didi 7 
Oc. in-8, de 36 pages. 
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FIRST ORDER 


or MINERALS. 


Il 
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SANDS, EARTHS, ab STONES X. 


Theſe Subſtances melt not in Water like Salts, burn 
t ike Combuſtible Bodies, nor diſplay the luſtre of Me- 
lic Ma Hers. 


CLASS FIRST. 


Stones which give Fire with Steel. 


Genus I. Quartz, 


Malline Subſtance, Fracture vitreous, not lamellated. 


mM > | 

* Species I, Opaque, or ſemi- tranſparent Quartz. 
e . 

ance 1. greaſy. 

it 2. grained. 

Varieties. 3. lacteous. 

& 4. foliated. 

Dat 5. eryſtallized. 


Species II. 


Here we give only part of M. Daubenton's table; but in the hi- 
* of ſalts and combuſtible bodies, his diviſion of theſe matters ſhall 
utroduced, As we follow that table ſo faithfully as to copy even 
the 


1 * 


Species I. Tranſparent Quartz, Rocx Cars, Species 
| Two pyramids of fix fides, with or without a fix fi 
| priſm between them. © 


. 1. cryſtallized. 

2. rough. 

3. White. a 

| 4. red. BOHEMTAN RUB! 
| | F. yellow. OCCIDENTALY 


Varieti PAZ. 
arieties. 6. ruddy, or blackiſh. SM04 
| TOPAZ, 


green Heecie. 
g blue. W 4TER SAPPHIRE, 12 
9. violet. AMETHYST. 


Io, irideſcent. 


1 b | Species ll 


* 
—_— — — 


— — 


4+.» 


, 
o 


the characters in which the ſeveral parts of it are printed, we ſhall ben 
ſubjoin the beginning of the Author's prefatory account of it. 

« Since thegyear 1779, this table has been exhibited in manuſcrys 
tt in the Hall of the Royal College, during the courſe of my leur 
* and many copies of it have been taken. I have made repeated % 
© terations, according as I received from others, or” acquired by wy 
* own obſervation, new information reſpecting mineralogy. I 
© even given up for a time my deſign of exhibiting on my table is 
1 reſults of a chemical analyſis of the different minerals it contains 
& I had begun to do, becauſe there have not yet been a ſufficient nut 
« ber analyſed. My chief object in drawing out this table was tos 
* cilitate the ſtudy of mineralogy. The beſt means for diffuſing it 
* knowledge of the ſciences is to ſimplify their elements: Merhodica 
« arrangements contribute to this end. For though it be impoliix 
* toinclude all the properties of natural bodies, in any claſſification 


them, yet ſuch a claſſification is uſeful, convenient, nay 2. 
. « celatÞ 


hencies, 
ers whi 


E 


Species III. Quartz in agglutinated fragments, Grit- 
ſtone, or Siliceous Grit, 


Franulated fracture. 


" I. hard grit- ſtone 

2. friable 

3. Levant grit-ſtone, Yer y fine 
ain 

Varieties. J 4. filtering ſtone. Porous 

J. glittering 

6. veined 


l 5 diſplaying figures of plants 
| 8, coarſe grained, 


Species IJ. Quartz in ſeparate grains, Saxo, 


vitreous ſurface. 
I. angular 
IG 2. round 
Varieties. 3. moving 
4. fluid, 


Species 


ary. In the firſt volume of my Lectures on Natural Hiſtory, 
dT in the preſs, I ſhall give a particular explanation of my table, 
| which both the advantages and defects of my arrangemeat of 
minerals will be pointed out. Here I ſhall ooly obſerve, that mine- 
are in this table diſtributed into orders, claſſes, ſpecies, and va- 
ties, The diſtinctive charaReriſtics of each article are printed · in 
_talic charaters, 

The names in Roman capitals are thoſe which I think moſt ſuit- 
die to the things which they are uſed to denote: Thoſe in Italic 
apitalz are ſynonyma ; the uſe of which is attended with inconve- 
nencies, and which are inſerted only that the knowledge af the mat- 
n which they denote may be the eaſier acquired. F. 


—_— — — _  —— — 


— 


— —— — — — . — —— — — a 
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Species V. Quartz in concrete Maſſes, 
Sandy and quartzoſe Breccias, or Pudding Stones, 


( Genus Il. Semi-tranſparent ſtones, 


vitreous fracture, ſometimes conchoidal. 


Species J. Agates, 
of all colours, except milk white, fine red, cru 
ond green. 


. clonded 

2. punctuated 
3. ſpotted 
4. veined 


1 on 
Varieties. N 2 1924 
7. preſenting the figures 
| herbs 
8. exhibiting the appear 


x moſs. 


Species II. Chalcedonies, 
lacteous tranſparency. 


1. reddiſh 

. bluiſh 

veined 

. onyx 

. irideſcent. OrALS 
„round and ſolid. GIRA%0B 
round and hollow, 9 

DRALS 

in ſtalaQtites 
in ſediment 


hydrophanes, 


ci! 


= 8 mM 


Varieties. 


S © — 


* 
— 
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Weries IL Carnelians, 


beautiful red, * * 
I, pale 


I. pale 
2. veined 

Varieties. 3- onyx 0 "IS 
4. preſenting figures of 
5. blackiſh. 


2. punctuated 
Varieties. 3. onyx 
4. exhibiting figures of herbs 
_ | x5, in ſtalactites. | 
wit! IV, Sardony r, | 
| orange colour, U 


pecies V. Flints. 
gray, white, reddiſb, blackiſh. 


. 1. with tubercles 
Vernon. "Tb layers. 


cies VI, The Praſeum, 


green. 


I. green 

Varieties. | 2. clouded 
3. ſpotted, 

ecie f VII. Jade. 
greaſy poliſb. 
1. whitiſh 
Varieties, | 2. olive coloured 

3+ green. 


You, I. 0 
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Species VIII. Petroſilex, 


tranſparency of wax, conchoidal fracture. 


1. white 
Varieties. f 2. reddiſn 
3. veined, 


— — 


Genus III. , Opaque Stones, 


vitreous fracture, ſometimes conchoidal or duſty, 


Species J. Miln Stone, Ger 
more or leſs porous. 
| nes J. 
* 1. porous 
Varieties. 1 2. denſe, or full. 
Species II. Pebbles, 1 
concentric layers, 
1. ſpotted 
2. veined er I] 
3. onyx 


Varieties. J 4. oculiform 
5. exhibiting figures of herbs 
6. concreted into breccias. N 

DING STONES, 


Species III. Jaſper, 


vitreous fracture, often duſky, without concen 
layers. 


I. green 
Varieties, f 2. red 
3. yellow 


Tn 


4. brown 
5. violet 
6. black . 
7. grey 
8. white 

9. clouded 
Io, ſpotted 
11. veined 
12. onyx 
13. flowered 
14. univerſal 
15. fragments united in breccias. 


Varieties. 4 


— 


Genus IV. Scintillating Spar. Far p-SrarR. 


die J. Feld-Spath, regularly cryſtallized. 


1. in oblique (angled) priſms, of 
four fides 

2. in fix-fided priſms, with ſum- 
mits of two planes 

3. in ten- ſided priſms, with ſum- 
mits of four facets. 


Varieties. 


— 


e Il. Feld- Spath in confuſed cryſtals. 


1. white 

2. pearl-grey.  FISH'S EYE 
3. red : 
4. red, with brilliant ſpangles. 
NATURAL AVANTURINE 

green 

blue 

violet 

. with green and blue ſtripes, 
LABRADORE STONE 

9. with ſtripes of various colours. 

. CAT'S Erk. 


Varieties. * 


Ow Ou 


O 2 Genus 


5 WW 1 YES 


Genus V. Cryſtal Gems, 


tranſparent and lamellated, not electriſiable by beat , 
lone without friction, | 2 


Species J. Red, | 
C 1+ Garnets 
cryſtallized with 12, 24, wy 
facets. There are 4% 16 
Varieties. « low, and brown, &«. w 


nets 


2. The balaſs-ruby, 
C reſe-colour, oftahedral ana 


' eric. 


Species II. Red and orange, 


| | re-coloured, cryſtallized | 

b "\ the balaſs-ruby 

E 4. Vermilion, 

©. X Varieties. 4 cry/tallized like the garnet 
| 2 5. Hyacinthe-la-belle, 

cryſtallized under 4 lea 

l fides with ſummits, lun 


Wecies 


Species IT. Orange-coloured, 


6. Hyacinths, 1 hu 
Vatiety. eryftallized like the Haid 
IM la-belle 


Species IV. Yellow, 


f 7. Oriental topaz, I 
cry/lallized in 2 pyramid $ 

| facets 
Varieties. 4 8. Saxon topaz, | 
| cryſtallized in priſms 4 
ſides, with ſummits ) 
* facets, 


Gems 


Spea 


1 23 J 
Stecier V. Yellow and green. 
9. Peridots, CHRYSOLITKS. 


Variety. allized in priſms of 6 fides, 
with pyramids of 6 faces, 


Il & 


Khecies VI. Green, 


10. Peruvian emerald, 


Variety: cryſtallized in 6 fided priſms\ 


ſerie VI. Green and blue. 


11. Aqua- marina, 
Variety. cryſlalliaed like the Saxon 168 
az. 


perle? VIII. Blue. 


| 12. Orem 6 hire, 
Variety. — e the oriental to 


xu 


lerer IX. Indigo. 


| 13. Indigo ſapphire, 
| 3- Indig 
Variety. cry/lallized like the oriental to: 
pas and ſaphirr. 


riet X, Red and violet “. 


14. Syrian garnet, 
cryflallized like the garnet 


Varieties. 15. Oriental ruby, 
cryſtallized like the oriental tos 


pas and ſapphire. 
O 3 | Genus 


: * formed without colouring matter art white, Note by M. 
on, 
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Genus VI. Tourmalins, Cryſtal Gems, 


W of laminæ perpendicular to the axis of the 
Aal, and electriſiable by heat alone without jr; 
tion, 


1. Braſilian ruby, 
red, in 22 priſms, 
bs | pyram: of four facet 
Varieties. 2. Brafilian topaz, 
| yellow, cry allied like | 
ruby. 


L Brazilian 


not el 


— 


Genus VII. Tourmalins, 


electriſiable by heat alone without friction, lamine 
perpendicular to the axis of the cryſtal, 


1. Tourmalins of Ceylon, 
tranſparent, orange-colourt, 


fs ou channelled on th Spe 


tranſparent in a firmy 
orange-coloured, vr) 


channeled 
3+ Tourmalins of Tyrol, 
fiſſures traverſing the pri 
4. Lourmalins of Mad 
SHOKLs or MaDacit 
opague, black 
5. Lenticular tourmalins 
6. Peridots of Ceylon, 
yellow and green, ve 
channelled 
7. Peridots of Braſil, 
yellow and green, wi!) 
. channelled 


( 
| Sant tourmalins, 
? 


Varietics. 


— — — 


Al 
nine - ſide 


Daubent; 
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8. Braſilian emerald, 


OY reen 
Varieties. 9. Brafilian ſapphire, 
blue — 
Genus VIII. Schorls, 


wt eleftrifiable by beat without friction. opaque cryſtalt, 
or long green /emi-tranſparent needles, 


Species J. Cryſtallized Schorls, 


ö 


Varieties. 1 


Species I. In articulated 


Varieties. 2. in maſſes. 


— r 22 


ſides 


2. in fix-fided priſms 
PIERRE DE CROIX 
3. in ſix-ſided priſms, with ſum- 


1. in oblique priſms, with four 


mits of 2 facets, or pyramids 


of 3 or 4 facets 


4. in priſms of 8 ſides, with 


ſummits of 2 facets. 


fragments, 


1. ſpathoſe ſchorl, 


Ariated with ſparry flripes 


OCHORL PASTE 


brilliant points in the frac · 


ture. 


_— 


Genus IX. Azure Stone, 


opaque and blue. 


2. blue. 


Varicties. 1 1. purpliſh blue 


O4 


CLASS 


* All theſe tourmalins, excepting the lenticular, are cryſtallized in 


dine · ſided priſms, with ſummits of three or fix facets. Note by M. 
on. . 


L 216 J 


CLASS SECOND. 


Earths and Stones which neither give Fire with $1, 
nor efferveſce with Acidi. 


Genus I, Clays. 


when moiſt they are ductile; when dry they are fol. 


ed by a flight rubbing with the finger. poliſhe 


Species J. Clays abſolutely infuſible, 


| : 1. uſed to make pots for th 
4 | Varieties laſs-houſe 
2. for tobacco pipes. 


Species I. Clays partly fuſible. 


= 1. for porcelain 
1 | f Varieties. ; 2. for Engliſh potter Sher 
. 3. for ſtone - ware. renee 
4 | 1 Species . Clays entirely fuſible. 


1. for common pottery. 

2. for delft-ware 
7 Varieties. J 3. for Dutch tiles 
| 4. for tiles Sbee 
5. ſor bricks. Pecies 
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Genus II. Schiſtus, 
argillaceous and. fuliated. fracture. 


ſ t. black ſtone 

2. common ſchiſtug 

3. writing ſlate 

Varicties. 4 4. poliſhing ſtones 

| 5. green ſtone 

6. hone FI. 

. 7. fragments united in breccias. 


—_— — 


— 6 A 


Genus III. Talc, 
poliſbed gliſtening laminæ, without ſpathoſe fracture. 
Species I. Talc in large leaves. 


Variety. Muſcovy talc. 
Species L. In ſmall leaves, 
Variety. Mica. 


— — 6—— — 3 — 


Genus IV. Steatites, 
feel greaſy, like tallow. 


Heciet J. Steatites in layers. 


2 1. fine French chalk (de Brian gon) 
Varieties. 1 2. coarſe French chalk (de Briangon.) 


Hecies II. Compact Steatites. 


W 1 8 oy rock — de lard) 


Secier III. Lapis Ollaris. 


3 1, Como ſtone 
Varictics, | 2. foliated lapis ollaris« 


Genus 


| Vaneties. 1 2. ſoſſil cork. 
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Genus V. Serpentines, 


Spe 
. the poliſh and colours of mat ble. 
Species J. Opaque Serpentines. : 
| * 22 1. | ted 
Varieties. 1 2. . 
Species II. Semi- tranſparent Serpentines. 
Varieties, J . bro fri 
5 . $ 
Genus VI. Amianthus, pe 
filaments not calcinable, leaves or flakes lighter 
water. 
Species IJ. Amianthus with ſoft fibres. 
Spec 
os 1. with long fibres 
Varieties. 1 2. with — fibres. 
Species II. Amianthus with hard (brittle) fibta 
Varies: 1. Aſbeſtos, eaſily diviſible into parts (mut 
* | 2. Aſbeſtos, not eaſily diviſible into parts (uon in 
Species 177 Amianthus in flakes or leaves 
Spec, 


1. foſhl leather 


Genus VII. Zeolite, 


cry/lallized in divergent radii, or tranſinutable iu 
 gelly by ſolution in acids, 


Species J. Cryſtallized Zeolite. 
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Species II. Com pact Zeolite. 


1. white 
Varieties. f 2. blue 
3. red. 


„„ —_— 


Genus VIII. Fluor Spar, 


fragments with tria ngular faces, all inclined to each 
other. 3 


Species J. Fluor Spar in cryſtals. 


1. octahædrons 

2. cuneiform octahædrons 
3. with 14 faces 

4. cubical. 


Varieties. 


Species II. Fluor Spar in irregular Maſſes. 


— 
— — 


Genus IX. Ponderous Spar, 


in rhomboidal fragments, the lateral faces perpendi- 
cular to the baſes. 


Species J. Cryſtallized Ponderous Spar. 


# 1. in rhomboidal plates 

| 2. in octahædrons with acute 
ſummits 

3. in oQtahzdrons with obtuſe 

ſummits 


Varieties. 4 4. in hexagonal plates with a- 
cute ſummits 
5. in hexagonal plates with ob- 
tuſe ſummits 
6. in tables 
| 7. in cock's combs (or lenticulir) 
Species 
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Species IT. Ponderous Spar cryſtallized confaſedly 


BOLOGNA STONE. 


Genus X. Ponderous Stone. TUNGSTEN, 


reſembling Fluor Spar in the form of its fragneny 
but much heavier ; it becomes yellow in acids, © 


CLASS THIRD. 


Earths and Stones which efferveſce with Acid 


| þ 


| Ppecies 
Genus I. Calcareous Earths: 


Efferveſcence with Acids; 

Species IJ. Compact. | Ppocies 
Variety. Chalk. 

Heri 


* Though modern chemiſts conſider theſe ſubſtances as bent 
_ ſalts, formed by the union of chalk with the carbonic acid, we i 
join them here after the earthy matters, in order to give a connec 
view of M. Daubenton's method. Naturaliſts, who employ in th 
arrangements none but exterior and ſtriking charaQeriftics, mult om 
fider theſe ſubſtances as genuine earths: but in the hiſtory of fa 
matters, they will be viewed in a different light, F. 


12 1 
gurrier I. Spengy. | | 


Variety. Stone» marrow, 


here! III. In powder. 

Variety. Foſſil Flour. 
tecies V. Conſiſtency of cream. 
Variety. Lac lunæ. 


I _ — 


Species V. Figured. 
Variety. Congealed. | | 
, 


i = 
4 E 
- 
1 . 9 
— 
2 - - _ 


. ˙·—-A T 


Genus II. Calcareous ſtones, 


indifferent colour and poliſh» 
Species J. Coarſe grained. 


SPECIMEN. | | 
Limeſtone from Arcueil. | 


ppocies I. Fine grained. | 


SPECIMEN» 
The Thunderſtone, 


—ä — — — 


Genus III. Marbles. 
Cranulated fracture, fine colour and poliſh. 


bpecier J. Marbles of ſix colours. 
Varieties 
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White, grey, green, yellow 
and Wack. n 
SPECIMEN. 


Marble from Wirte mberg. 


Varieties. 


Species II. Marbles of two colours. 


15 in number, formed by the com 
bination of 6 colours, 2 together, 
3% Varieties SPECIMEN, 
+ / | white and grey. 
| 1 / Marble of Carrara. * 
| L Species III. Marbles of three colours, 
| 
| 5 20 in number, formed by the con 
Eb | on bination of 6 colours, 3 together, 
| | Varieties. 4 SPECIMEN- 
| ö grey, yellow, and black. 
1 þ | Lumachello, 


1 Species V. Marbles of four colours. 


\ 15 in number, formed by the com- 

dination of 6 colours, 4 together 
Varieties. 3 OPECIMEN- 

| white, grey, yellow, and red. 

C Brocatello from Spain. 


Species V. Marbles of five colours. 


\ 6 in number, formed by the combs 
| nations of 6 colours, 5 togethet. 


Varieties. 3 SPECIMEN. 
| white, grey, yellow, red, and black 


| Breccias of Old Caſtle. 


Genus 
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— 


— = 


Genus IV. Calcareous Spar. 
Regular form, ſpathoſe fracture. 


Species 1. Cryſtallized calcareous ſpar. 


{ 1. obtuſe rhomboidal figure. 
Tceland Spar. 

2. lenticular rhomboidal figure - 
3- lenticular rhomboidal figure 

6 triangular faces 

4. acute chomboidal figure 
5. with 12 pentagonal faces 
6. with 3 triangular faces 
7. ſix- ſided priſm 
8. fix rhomboidal ſides, with 6 faces 

lozenge-wiſe 
9. with 12 ſcalene triangular faces 
10. with 12 faces of 4 or 5 ſides, and 

6 quadrilateral facets 

11. with 6 hexagonal faces, and 12 
| facets of four ſides, 


Varieties. Q 


fecies IT, Striated calcareous ſpar. 


22 1. with parallel ſtriæ 
Varieties. 1 2. with divergent ſtriæ. 


Genus V. Concretions. 


Succeſſive coats. 
nbi 
ict. 


pectes I, Stalactite Concretions. 


ack 5 
1. in columns 


Varieties. | 2. tabular 

3. reſembling alabaſter. 
nus f 
; Species 
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Species II. Concretions by incruſtation. 
Specie III. Concretions by ſediment. 


Varieties, j 2. by rounded enn 


1. by horizontal ſediments 


CLASS FOURTH, 
Mixed Earth and Stones. 


Duart 


Doart: 


Mixed earths. 


Genus I. 


Species. Sand for founders, 


Variety, Sand from Fontenai-aux-roſes. 


Genus II. 


Species, Marle. 


Varieties. 1 


Sand and calcareous earth, 


Juart! 


Sand and Clay, Jraolp 


UuartZ 


Uuartz 


Uuartz 


tel 
Genus III. Clay and calcareous earth, 
Wartz 
1. marle, Armenian bole Bartz 
2. marle, terra een P 
3. — for taking ſpots out 01 ct | 
(pierre a — ©. Bartz! 
4. fuller's earth til 
5. porcelain earth * 
j 6- pipe clay ; . 
7. potter's clay (terre a faiance) m-tra 
| 8. white marle paq 
g. foliated marle 
Lie. marle for manure Vol. I 


Mir 


Mixed Stones, 


OF TWO GENERA, 


Naartz and ſcintillating ſpar « - -Granitin, 


Duartz and ſchorl = - + +< Gravtitello, 

Duartz and ſteatites = - +» Quartoſe ſteatites- 

Quartz and mica - +» |= = Mieaceous quartz. 
— 


| ranſparent quartz and mica Micaceous eryſtal. 


Quartz in grit and gem - ſtone 3 1. Garnet on grit · tone: 


2. Garnet in grit · ſtone. 
Duartz in grit and mica - Mlicaceous grit. 


Quartz in grit and calcareous mat- F 1. cryſtallized grit. 


ter 2. grit in ſtalactites. 
a ſ d ſiliceous b 
Quartz in ſand and opaque ſtone +: b 90 


Vartz in ſand and ſchiſtus ; — EI 


Vartz in ſand and zeolite - ſeintillating zeolite. 
intillating ſpar and ſchorl paſte opkhites. 


m-tranſparent ſtone, with o- g jaſperated agate, or #8 
paque ftone gatized jaſper. 


Vol. I. P Schorl 


t 26 1 


- 


Cox 


Schorl and mia micaceous ſpathal 
ſchorl, 


Schiſtus and mica - » + - micaceous ſchiſtu, 


Schiſtus and marble — Twas 


1. green Egyptian mals 
; l 2. ſea green marble 
Serpentine and marble 3. green antique marhl, 
| 4+ green marble of don 


5+ green marble of Va 


Ponderous ſpar and calcareous alkaline ponderowly 
matter 5 


OF THREE GENERA. 


Quartz in ſand, ſchiſtus and mica rough wheat-ſtone. 


| ; Genu 
Quartz, gem, and mica - = garnet rock. 


Quartzoſe paſte, ſcintillating ſpar 


in ſmall fragments, and ſchorl : Porphyrp. 


He 


Quartzoſe paſte, ſcintillating ſpar 2 ſerpentine. Bard 
in large fragments and ſchorl > «ine. 


Quartz, ſchorl, and ſteatites - + tuberculous rock. 


Quartz, ſcintillating ſpar, and , 
- ichorl : Oy 


OF FOUR GENERAs 


——— 


*M 
ithout 


thod cc 


Kones, | 


and mica 


Quartz, ſcintillating ſpar, ſchorl, ? 3 
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ConsSISTING OF MORE OR FEWER 
GENERA, UNITED IN BRECCIAS 


DOUBLE BRECCIAS. 


1. Denon of porphyry, and paſte 
8 of porphyry. 
Varieties. 2. Fragments of granite,. and ſchorl 
e. 


VOLCANIC PRODUCTS. 


de. | 
Genus I. Lavas, or Matters formed by Volcanoes; 
volcanic Matters. 
Species J. Porous Scoriæ. 
1 1. in irregular maſſes. 
2. in ſtriped maſſes. 
3. in the form of ſtalaRites. 
L Varieties. 4. in fragments. LAPLLLO» 


5. in ſmall fragments, 
POUZOLANA-. 
| 6. in dutt. 
VOLCANIC CINDERS. 


Pa Species 


OT 
* r Fo — * — — 


NM. Daubenton places volcanic products at the end of minerals, 
thout ranking them under any of the four orders of which his me- 
bod conſiſts. As their hiſtory is uſually ſtudied along with that * 
donc, I have annexed them here. F. 


: univerſal breccias. 8 


(as 7 


Species I. Baſaltes, 
compact and ſcintillating, Blackiſh cinereous fraftir, 


Fc. with brilliant points, without ſinall plates, lis 7 
thoſe of the ſcintillating ſebiſtus. 
1. in irregular maſſes, Ju 
| >-in ball. | 
„ 6s I . in tables. 
Varieties, 4. 1 priſms of 3, 4, 5, 6, 7, h ug 
ſides. 
5. in articulated-priſms. Th 
Species IL. Glaſs. | fone: 
C 1. in ſeparate fibres. know 
GLASS GALL. 
2. in agglutinated fibres, Ma 
Varieties. PUMICE STONE. 
3. in compact maſſes. 1 
VOLCANIC SCORIA., 
LAPIS OBSIDIANUS. 
4} Thi 
| j Genus II. Volcanized Matters; that is to fay, mit Ie 
ki ters, altered by the heat of volcanoes, appearing M ww. 
þ | 1 have been baked, calcined, melted, or vitriſied. 
1 —_ T 
Species J. Granite, 
1 II. Garnet 
Y TIT. Hyacinth, 
. . Mica. Vio 
| V. Peridot, 
| VI. Quartz. 9 
| V. Schorl. | 
VIII. Scintillating ſpar. 


1X. Calcareous Subſtances. 
. Baked Earths, Tripoli 


__ "SF 
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pos, with the nature of which we are not yet fuf- 
ure, ficiently acquainted to reduce them under certain Claſ- 


like ſes 
Jargon of Ceylon. 


cryſtals in reflangular priſms, with pyramids of 4 
,org triangular faces. 


The name of Jargon appears to be. given to many 
ones, the particular ſtructure of which is hitherto un- 
known. | 


Macles, 


in ſquare or cylindrical priſms, the tranſver ſe ſec« 
tion of which exhibits a blue croſs, 


The macle has been conſidered as a ſchorl ; but the 
gpinion has not been proved. | 


White Cryſtals, 


in flattened priſms with 10 fides, with two ſummits 
of four faces, one of which forms a concave, the 
other a convex angle. 


Violet or green Cryſtals. 


rhomboidal, with two facets inſtead of tuo oppoſite 
angles. 


Theſe white, violet, and green cryſtals, haye obtain- 
ed the name of Schorls, although they do not appear 
to be of the ſame nature with ſchorls. 

P 3 C HAP. 


bw. 


c H A P. IL 


Of the Claſſification of Earths and 18 a 
to their Chemical Propertiet. 


T HOSE chemiſts who have engaged in the the ſtudy 

of minerals, have endeavoured to eſtabliſh & 
ſtinctions among them, founded on their chemical pn. 
perties. And though a ſufficient number of earths and 
{tones has not yet been examined, to enable us to form 
very accurate or complete arrangements of them a 
theſe principles; yet it is certainly an object of in. 
portance to the ſtudent of mineralogy to know the pm 
fent ſtate of chemical ſcience reſpecting theſe ſubſlu 
ces, and what advantage the mineralogiſt can dere 
from it in arranging them. 

Of all the philoſophers who, fince Cronſtedt, har 
attempted to arrange earths and ſtones by their che 
mical properties, Bucquet, Bergman, and Kirwan, hart 
been the moſt ſucceſsful, and have given the moſt com. 
plete ſyſtems. As each of theſe gentlemen has follow 
ed a peculiar mode of arrangement, and as each « 
their methods poſleſſes ſome undeniable advantages 
we ſhall here lay before our readers ſucceſſive views d 


the three ſyſtems, and ſhall at the ſame time point ou 


their ſeveral defects. 


( 
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L Of the Chemical Diviſion of Earths and Stones 
propoſed by Bucguer. 


BUCQUET, after many laborious reſearches with a 
ew to this object, at length formed, a little before his 
death, a ſyſtem of earths and ſtones, on the compound 
principle of their chemical properties and their exteri- 
r charaRteriſtics, as obſerved by naturaliſts, which he 
ad reſolved to follow in his future courſes of lectures. 
n repeated converſations with him during the linger- 
g illneſs which ended in his death, I obtained a full 
ccount of that method; which was communicated to 
te public in the firſt edition of this work. I ſhall now 
gain give it as it then appeared, only adding a few 
botes, to take notice of the improvements which this 
ranch of the ſcience has received ſince the year 


779. 

According to Bucquet, earths and ſtones ſhould be 
nanged under three diviſions: the firſt comprehend- 
g ſimple earths and ſtones; the ſecond, compound 
arths and ſtones; and the third, mixtures of earths 
nd ſtone, | 

Simple earths and ſtones, in a ſtate of purity, are 
pid, dry, hard, inſoluble, and infuſible. Whenever 
ny of them appear to poſleſs theſe properties in a leſs 


jerfect degree, more eſpecially when any of them ap- 


ear ſuſceptible of fuſion, they are to be conſidered as 
ot pure, but alloyed by the mixture of ſome extrane- 
us matter. Such as are pure, admit not of decompo- 
ion by chemical analyſis ; but the number of pure 


jones is much more ſcanty than Bucquet thought it. 


P 4 Compound 
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Compounds earths and ſtones are to be regarded , 
combinations of the ſimple earths with ſaline or men, 
lic ſubſtances, Theſe combinations have been eſſed 
ed by the operation of fire or water in the great labs 
ratory of nature. Their chemical charaQeriſlics are, 
to melt eaſily, to ſuffer vitrification from the action & 
fire, and to be ſeparable into ſeveral fimple fubſtancy 
by the action of ſolvents, more eſpecially by the ada 
of acids. 

Mixed earths and ſtones are eaſily diſtinguiſhed y 
inſpection. They ſeem to be formed by the irreguly 
aggregation of ſeveral earths and ftones, both fimpl 
and compound, To analyſe them, the ſeveral diff. 
rent matters of the irregular aggregate muſt be divide 
and examined each by itſelf, Their peculiar nature 
may be then certainly determined by chemical expen 
ments, 


DIVISION L 


Simple Earths and Stones. 


Tuxsx are divided into four orders. 


Ox DER I. Vir gos SroNxs. 


THzsE are extremely hard, and perfectly tranips 
rent; of a vitreous fracture; give fire with ſteel; and 
fuffer no alteration in tranſparency or hardneſs fron 
the action of heat 

This firſt order contains two genera ; rock-cryſtal ans 
vitreous precious ſtones. | 
. Genus 


Roc 
ones | 
ſimi 
wing 
It m 


= 
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* Genus I. Rock-Cryſtal. 

tal. 

0. WW rock-cnvsrar exhibits all the properties of vitreous 
ib. WWW .ncs in the moſt eminent degree. Its fracture, which 


fmilar to that of glaſs, diſtinguiſhes it from the fol- 


wing genus. 
It may be ſubdivided into ſpecies. 


1. By the Property of Form. 


s Inſulated hexahædral cryſtals, which two hexa- 


* hædral pyramids, The Abbe Rochon has ob- 
Kan ſerved, that theſe produce a double refrac- 
Wi 


tion. 

2, Hexahzdral cryſtals, united in groups, with one 
or two poiuts. 

3. Tetrahædral, duodecahædral, flattened, &c. cry- 
ſtals. Thoſe of which the facets are varied 
and irregular are always hexahzdral. 

4. Rock-cryſtal in maſſes, from Madagaſcar, It 
produces only a ſingle refraction. 


2. By the Property of Colour. 


5. Reddiſh rock-cryſtal, 
6. Smoky cryſtals, 

7. Black cryſtals. 

9. Yellow cryftals. 

9. Blue cryſtals. 

10. Green cryſtals, 


| 3. By accidental Circumſtances, 
des. 
11. Hollow rock-cryſtal. 

12. Con. 
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12. Containing water. 
| 13. One cryſtal incloſed within another (emboitg) 

14. Rounded ; pebbles from the Rhine, 

15. Incruſted with metallic calces. 

16. In gæodes. | 

17. Containing amianthus. 

18. Containing ſchorl. 

19. Incruſted with pyrites. 


Their formation by water 1s proved, 


1. By their tranſparency. 

2. By the form of ſmall cryſtals. 
3. By the incloſure of one cryſtal in another. 
4+ By their inclofing ſubſtances alterable by fs 


They are cut and poliſhed into vaſes and toys, 


Genus II. PFitreous Precious Stones. 


Tux precious ſtones which we rank under this gs 
nus, have all the properties which charaQeriſe roc 
cryſtal, and more eſpecially its inalterability by lit 
Though this may ſeem extraordinary, ſince Betp 
man informs us, that he found theſe ſtones to 
compoſitions of ſeveral different matters; yet in thei 
hardneſs, their tranſparency, and the manner it 
which they are affeQed by fire, they differ but litt 
from rock-cryſtal ; they are, however, inferior in hath 
neſs, their colour is not ſo clear and lively, and ther 
fracture is lamellated. The differences among p 
ous ſtones, particularly with regard to the mannet 


which they are affected by fire, induced Bucquet to! 
pant 
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gers of ſtones to which they have the neareſt reſem- 


d nce. * 


The four precious ſtones which we diſtinguiſh by the 
nomination of yitreous, are, 


1. The oriental topaz. 
2. The hyacinth. 
3. The oriental ſapphire. 
4. The amethyſt. | 
M. Daubenton has always conſidered this laſt as a 


N tz cryſtal, 


y firg 


OxDex II. QUARTZOSE STONES, 


Tars are not ſo hard or tranſparent as the former; 


at deprives them of hardneſs and tranſparency, and 
Iuces them to a white opaque earth *. Under this 
ler we arrange four genera. 


Genus I. Quartz. 


er if 
t litti 
hart 
ther 
prec 
ner l 
to! 
para 


lt poſſeſſes all the above characteriſtics. 
Species. 


[t was on account of its being liable to alteration by fire, that 
quet diſtinguiſhed quartz from rock- eryſtal, and arranged it under 
ticular genus. He likewiſe obſerved, that quartz dipped in 
fr, after having been for ſeveral times ſucceſſively heated red hot, 
municated to that fluid a degree of acidity, Future experiments 
determine the certainty of this ſact— F. | 


3 


ute them, and to arrange them among thoſe of the 


r fracture is vitreous; and they give fire with ſteel. 


— 
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Species. 

1. Tranſparent quartz, cryſtalliſed in hexapy 
pyramids ; its priſms either not obſeryg} 
or at leaſt very ſhort. 

2. Franſparent quartz in maſſes, 

3. Opaque or lacteous quartz. 

4. Greaſy quartz. 

5. Carious quartz. 

6. Green, blue, or violet quartz; priſm of ay 
thyſt. | 

7. Yellow quartz, of a lamellated fraQure, 


Saxon. 


A . 
Theſe topazes poſſeſs all the characteriſties of quat 


Genus II. Flint, Agate. 


Flims and agates are ſmall round maſſes, genen 
opaque, ſometimes ſemi-tranſparent, either hollon 
ſolid, of various colours, and diſpoſed in firata, 
chalk, as is the caſe with flints ; or in clay, as ag 
Their fracture is ſometimes ſcaly. 

Species. 
1, Grey flint. 
2. Yellow flint. 
3. Red flint. 
4. Corneous flint; gun, flint. 
5. Brown Egyptian flint. 
6. Tranſparent clouded flint; German agat*- 
7. Red agate ; male cornelian. 
8. Pale red agate ; female cornelian. 
9 


Brown or yellow agate ; ſardonyx. 
10s A 


The 
d wate 


*M. 1 
dat herb. 
" vre.. 


rate. 
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10. Agate-onyx, in concentric laminæ. 


11. Agate-Cameo, in horizontal layers; but the 
appearance of the laminæ, and their diſpoſi- 
tion with regard to the ſigure of the ſtone, 
depends in a great meaſure on the manner 
in which it is cut. 

| | Dendrites ; herborized agates *. 
12, Figured | 


Anthropomorphites. 
agates. 


Zootnorphites. 

Uranomorphites. 

13. Agate, apparently mouldy ; marked with ſmall 
green points, generally owing to moſſes, 

14. Agate of four colours; elementary. 

15, Grey agate ; grey chalcedony. 

16. White, lacteous, (in layers. 
or chalcedony 5 in ſtalactites. 
agate. round, cacholong. 


[ Lapidaries agate, chatoy- 


17. White agate, ant luſtre. 


f Cat's eye. 
with a wayy re- BET. > 
flection of they Oeulut mundi, or hydro- 


. phanes. 
light, | Opal. 


Giraſol. 
18. Brown agate, with brilliant gold- coloured 
points. Avanturine. 
19. Oriental agate. 
20, Agate containing water (Enhydre). 


The formation of quartz, agates, and flints, is owing 
o Water, as is proved, 


1. By 


M. Daubenton has ſhown, in a memoir read to the Academy, 


. 4 20mg Rones contain very fine moſſes, or ſmall grains of black 
n ete.— F. c | 
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1. By their form. 
7 2. By their layers, 
3. By their moſſes. 
4. By their containing water! 
5. By the organized matters mixed with then, 
in the moſſy or mouldy agates. 

This alſo appears from the circumſtances and y 
perties of the gæodes. Theſe are ſtone boxes, fil 
with cryſtals : they contain ſilex and quartz array 
in concentric layers. 


Genus III. Organic Matters converted into Sila 
Agate. 


Tuxsxk are diſtinguiſhed from the other genen 
this order, by poſſeſſing the characteriſtic properus 
quartzoſe ſtones under an organic form &. 


Species. 

1. Wood petrified, but till fibrous, and ful 
tible of poliſh. 

2. Wood, the texture of which indicates its} 
ticular kind. Fir. 

3. Sea-urchins and madrepores converted | 
ſilex. 

4. Shells converted into agate. 

5. Carpolites : theſe have been miſtaken for 


It would perhaps be a much more natural mode of divib 
arrange under a diſtin& claſs, all ſuch animal and vegetable {vs 
ces as have ſuffered alteration from lying under ground. The u 


that clafs might be foſſils, and it might be placed at the end ol ti 
ganic kingdoms, —F, | 
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trified 5 5 ; they are mk ſmall ludi- 

belmontii ſilicified. 

6. Entrochites. 

7. Lapis frumentarius ſiliceus. 

This laſt ſtone gives fire with ſteel, but does not 
efferveſce with acids. It ſeems to · be form- 
ed by an aſſemblage of cornua ammonis di- 
vided perpendicularly to their volutes. 


There are two opinions concerning petrifaction. 
me think that organized bodies are entirely tranſ- ' 
uted into ſtone : others are of opinion, that the void 
aces formed by animal ſubſtances in ſoft earths, and 
e interſtices in the fibrous texture of vegetables, are 
zdually filled up by an accumulation of earthy mat- 
t. But we can pretend to no certain knowledge of 
te cauſe of this phenomenon, Vegetable matters are 
blerved to become almoſt always quartzoſe, and ſcarce 
er calcareous; while animal ſubſtances, on the con- 
uy, become generally calcareous, and ſeldom quart- 
e . From this fact we may almoſt conclude, that 
d real petrifactiòn takes place, and that organized bo- 
jes are not converted into ſtane: For, 1. Shell-fiſh 
Id madrepores only loſe their mucilage or animal 
uten, by putrefaction, and are reduced to calcareous 
tletons, which exiſted during the life of the animals: 
What is ſaid to be petrified wood, is nothing elſe 
X than 


* Since the diſcovery of the fluoric acid gas, which poſſeſſes the 
wperty of decompoſing quartzoſe earth, ſome naturaliſts have conjec- 
ec, that petrifaction may be produced in a ſimilar manner. But 
n to be regarded as mere conjecture, till ſuch time as it be ſhown 
at the cre exiſts in the interior parts of the earth an acid which main - 
us quarizoſe earth in a ſtate of ſolution.— F. 


20 dlaſſication of Earthe and Stoney. 
than an accumulation of vitrifiable earth in ma 
formed by putrefied vegetables. As the fibres of f 


vegetable body are gradually deftroyed by putrefagy 
a quantity of quartzoſe earth is depoſited by the wn 
in the ſpace which they occupied: a quartzoſe flog! 
thus formed of the very figure and texture of the you 
table body, but not a particle of this ſubſtance = 
into its compoſition, 

Genus IV. Jaber. 


Jas ER poſſeſſes all the charaQeriſtics of quart 
ſtones. It is infuſible, but loſes its aggregation by fn 
it is extremely hard, opaque, and variegated with ( 
vers colours; its facture is duſky and vitreous, [t 
not often found arranged in beds; it generally com 
ſes conſiderable maſſes or veins in rocks: It 84 
found in ſmall round lumps, Moſt ſpecimens of ig 
that we have ſeen, are mixtures of quartz and chala 
dony. It ſometimes contains calcareous ſpar, 

Naturaliſts have divided jaſper into a great mil 
ſpecies. Theſe may be reduced to the followings 


Species, : 

White jaſper, 

Grey. 

Yellow. 

Red. 

Brown. 

Green. 

Veined. 

Spotted. f 
Green, with red points: bloody Jaſpet. 
Flowered. 


rer 


i 
— 


Ja 


I, 
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ſaſper is uſed for making toys, particularly cups and 
There are many antique engravings on ſtones of 


is kind, 
Genus V. Grit, or Free: ſtone. 


Cur-sroxE is opaque, of a granulated fracture, 
uch ſofter than quartz or flint; it is found in large | 
aſſes, of various degrees of hardneſs, and ſometimes N 
ner ſometimes coarſer grained, | 


1. Grit Cryſtalliſed in rhombi. M. de Laſſone has 
ſhown that theſe owe their form to the chalk 
incorporated with them “. 

2. Grit in the form of cauliflowers, 

2. In ſtalagmites. 

4. White, 

5. Grey. 

6. Red. | 

7. Black, or Brown. 

8. Veined. 

9. Figured, or herboriſed. 

10. Grit, of which the aggregation is deſtroyed; 
ſand. 


dand appears under the following varieties: 


I, Quick-ſand. 
2, Angular ſand. 


3. Sand rounded by the action of water. 


Vol I. Q 4. Pure 
Memoirs of the Academy of Sciences for the year 1777 F. ; 


Varieties. 
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4. Pure white ſand. 

5. Micaceous ſand ; glatea. 

6. Yellowiſh, argillaceous ; founder's ſand, 
7. Ferruginous ſand ; yellow. 

8. —— blk. 

9. Blue ſand; from copper. 

10. Violet ſand; from tin. 
11. Auriferous ſand. 


ORDER III. Arciilactous EART EHS and S rom 


Tuxsx are greaſy; clammy, or pliant; ſtick tot 
tongue; foliated ; frequently coloured; and dias 
in large maſſes, and in layers. 

Their force of aggregation is leſs than that of qu 
zoſe ſtones ; but they have a greater tendency to 
bination, and are therefore often altered, Heat 
tracts and hardens them, ſo as to give them the app 
ance of quartzoſe ſtones, and to cauſe them to givel 
with ſteel as well as thoſe. Water reduces then 
a paſte, divides, and purifies them; they abſorb watt 
and retain it with ſuch force of combination, that th 
cannot be again totally deprived of it, 

Part of the ſubſtance of theſe ſtones combines 
acids. Some chemiſts have taken clay to be noi 
but ſiliceous earth altered by the ſulphuric acid; 
that opinion has not yet been fully proved. 

Many naturaliſts have entertained an opinion, l 
vitrifiable earths, after being long expoſed to the Ft 
cy of water, air, and heat, are ſeparated and redut 
into fine ſoft particles, capable of combination i 
water, and thus paſs into the ſtate of clay, This the 

© | | 
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ing founded on ſome accurate obſervations, merits 
ce reſpect than the former: But the evidence of nei- 
er amounts to demonſtration, | 
Theſe two properties of mixing with water ſo as to 
mpoſe a ductile paſte, and again becoming hard by 
+ ation of fire, render clay fit for being wrought 
o tiles, bricks, pottery, delft-ware, and porcelain : 
d an account of theſe makes a part of the hiſtory of 
x kind of earths, 
Naturaliſts have deſcribed a great many kinds of ſtones 
belonging to this order; but they have confouded a- 
g them many falſe clays and compound ſtones ; 
d are, of the laſt, ſerpentine, zeolite, trapp, &c. 
The name of clay properly belongs to none but ſuch 
hs as are hardened by fire, are diluted in water, 
{| combine with the ſulphuric acid to form alum. 
Macquer having examined a great many of them, 
Ind none abſolutely pure Xx. Many of them owe 
ir colour and fuſibility to their being mixtures of 
nous combuſtible and metallic ſubſtances. 
Bucquet divided them into four genera. 


Genus I. Soft Ductile Clays. 


rst, Wien dug from the bed or quarry, may be 
eaded ; but they become dry in the open air. 


1. White clay; pipe clay. 

2. dandy clay. 

3. Clammy blackiſh clay; for white pottery. 

4+ Clay, with a mixture of mica, kaolin ; partly 


fulible ; for porcelain, 
Q 2 5 Me- 
Academy of Sciences, 1758—F. 
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Species. | . | 
5, Metallic clay, fuſible; terra figillata ; Am I 
nian bole | | 1. 
6, Pyritous clay; fuſible; blue, green, marhj; 5 
uſed in common pottery. 3 
Genus II. Dry, Friable-Clays ; Clay of Tripol : 
ALL thoſe clays which Bucquet ranked among th p 
tripolis, are dry in the interior parts of the earth. I | 
are all found in beds or layers, often very thin, and 
ranged one above another. All of them crumbled 
into duſt under the finger, and abſorb water read 
they likewiſe ſtick to the tongue, 
Species. 4 a 
1. Dry, grey, foliated clay ; fullers earth. I 
2. Red tripoli. Some people take this to bt » 
volcanic product. 4 
3. Grey tripoli. 1 
4. Black tripoli. 
. agne! 
5. Rotten ſtones of an olive grey colour, he 1 
Genus III. Schi/tus. . 
lnatic 
Scu1sT1 are foliated ſtones which ſplit readily u 
plates: they are a mixed fuſible ſubſtance ; they 1 
placed in huge maſſes in the bowels of the earth, a 
always in an oblique direction. Almoſt all quarns( 
ſchiſti exhibit on their exterior ſurface, and in the wml” F 
permoſt layers, impreſſions of plants of the ruſh andi Ih 
kinds, &c. of ſhells, fiſhes, or inſects, &c, Forez 


de A! 


Spec atiful 
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| 1, Black ſchiſtus, tender; ampelite. 

3. Fiſſile ſchiſtus ; ſlate. | 

3. Black, hard ſchiſtus; writing ſlate. 

4. Red, brown ſchiſtus, &c. 

5. Schiſtus marked with impreſſions of vegetable 
or animal bodies, 

6, Very hard ſchiſtus, naxian ſtone, uſed for whet- 
ting razors. 


Genus IV. Feldt-Spar. 


Ir exiſts in the form of rhomboidal plates; its frac- 
e is ſpathoſe, and it gives fire with ſteel : It is for 
bis reaſon called ſcintillating ſpar. Though harder 
un ſchiſtus, it is fuſible. Bucquet ſuppoſed it to 

an argillaceous ſtone, coloured by a mixture of iron. 
Monnet conſiders it as a compound of quartz, clay, 
ugneſia, and a ſmall portion of calcareous earth. lis 
ing but little known is the cauſe of this diverſity of 
pnons concerning its nature. A more accurate exa- 
unation muſt determine its true character *. 


Q3 7 | Species 


* Father Pini, an Ttalian naturaliſt, was the firſt who deſcribed 
ritalliſed feldt-ſpar. Since his diſcovery, it has been found in many 
ces in France. Very regular feldt ſpar eryſtals are found at Roanne 
Forez. I have given a minute deſcription of that which is found 
de Alengon granites, and which is one of the moſt regular and 
Wiful with which 1 am acquainted, in my Memaires de Chemie, —F. 


feldr-ſpar, contain about 67 ſilex, 14 alumine, 11 barytes, a 
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species. 

1. Priſmatic feldt- ſpar *, 

2. White feldt-ſpar +; 

3. Red feldt-ſpar. 

4. Green feldt-ſpac, 

5. Blue feldt-ſpar. 


Theii 
aranc 
differe 


| Ox DER IV. FaLlst Ciavs. 


Tuxsx reſemble clays only by having a foliated tz 
ture, and greaſy appearance; ſome of them indeed h 
den by fire. | 

They differ from clay, as not being fit for cony 
ſing a paſte with water, and as. being moſt of the 
fuſible in fire. They combine with the ſulphuric x 
to compoſe a ſalt in the form of needles, which ſull 
no alteration from air, but is ſoluble in four or! 
parts of water, and does not ſwell in fire; in a word 
not alum. Bucquet, who had examined a great mil 
of theſe ſtones, gave theſe as their charaQeriſtics: | 
as they are very little known,' they may ſtill be rank 
near the clays f. 


* 


Gen 


M. Daubenton ranks this among the ſcintillating ſtones, It Uf 
ſtinguiſhed by three charaReriſtics from every other ſpecies of lun 
its texture is ſpathoſe ; it yields a changing or chatoyant luſtre; a 
gives fire with ſteel. With theſe characteriſties, this genus mul 
tain more ſpecies than Bucquet aſcribed to it. M. Daubenton ind 
ed under it the fiſh's eye, the avanturine, and the labradore ſtone 

+ It bas been aſcertained by experiment, that 100 parts of 


enus 


Taz: 
th w 
ing re 


mag neſia.— H. 

+ The Abbe Mongez, in his Introduction to Bergman's Sci 
phy, obſerves, that theſe ſtones might be with more propriety! 
magne/ian ſtones, I ſhould willingly agree to uſe that name; but I 
lieve a number of experiments are neceſſary before we can recti i 
expreſſive of their nature. F. 


wceording to their Compound Propertier; 2 


Genus I. Lapides Ollares, bard. 


Theit texture can ſcarce be called foliated ; their ap- 
arance is greaſy ; and they are ſuſceptible but of an 
lifferent poliſh, LY 


1. Grey, Swediſh lapis ollaris. 

2. Greeniſh lapis ollaris; Swediſh colubrine. 

3. Yellowiſh lapis ollaris; Chineſe ſoap- ſtone. 

4. Bright green lapis ollaris; jade. Bucquet 
thought the nephritic and Otaheitean ſtones 
to be varieties of the jade, The jade is very 
hard, and gives fire with ſteel. Bucquet ap- 
pears to have followed Pott in placing it a- 
mong the lapides ollares. 

5. Dirty green lapis ollaris ; colubrine, 

6. Serpentine. A ſtone of a deep green, or ra- 

ther blackiſh colour, with black ſpots or 

veins, like a ſerpent's ſkin. On account 
of its appearance, we have placed it at the 

end of the lapides ollares ; it ſeems to be a 

compound. | 


enus II. Soft Lapides Ollares ; Steatites, or Smec- 
tites. 


Tazsz are more of the nature of ſoap than the fore- 
ding genus. They may be eafily cut; they frothe 
th water; and ſome of them have externally a ſtri- 
0g reſemblance to ſoap. 


Species. 


—— — 


278. 
Species. 


cils.—F. 


1. White, compact ſteatites ; Briangon chalk, 
2, Bright Briangon chalk ; the druggiſts Ven 


3. White, Norwegian ſteatites. 
4. Red marbled Norwegian ſteatites. 

5. Reddiſh Norwegian ſteatites. 

6. Green compact ſteatites from Norway. 

7. Green and red ſteatites from Norway. 

8. Green, foliated ; ſoft colubrine of Norway, 
9. Black ſteatites; uſed by ſtone-cutters, 
10. Sparkling grey ſteatites ; plumbago, molyble, 


* Since the death of Bucquet and the firſt edition of this wot 
Meſſre. Scheele, Gahn, and Hielm, have very ſucceſsfully igveſtigutd 
the nature of plumbago ; they have found it to be a carbure of uk 
We ſhall give its hiſtory after that of ſulphur. The ſame chemi 
more eſpecially M. Scheele, have made a very proper diſtinQion bs 
tween plumbago and molybdena, which former naturaliſts had aw 
confounded together. M. Scheele conſiders molybdena as a compoun 
of ſulphur with a certain acid, to which he gives the name of the a 
denic. (See the hiſtory of metals.) It is plumbago which is uſed for pes 


In England, the plumbago uſed for pencils is not ground to pom 
and mixed with iſinglaſs; but cut into long ſlender pieces and inch 


ſed in wood, Thoſe deſcribed by the author are an inferior kind. 
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talc. 


na, and very improperly black lead. Plun 
bago being reduced to powder, and wrouglt 
into a paſte with a mixture of iſinglaſs, is 
cloſed in ſmall cylinders, which are cut to 
point at one end, and uſed as pencils or cry: 
ons *. | 


Genn 


Ir co 
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nal fc 
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Genus IIL Talc. 


Ir confiſts of poliſhed glittering plates, diſpoſed one 


ninz or plates are ſometimes eryſtalliſed in an hexa- 
nal form, or in ſectious of fix-fided priſms. A ftrong 
e melts it into a coloured glaſs, 


1. Talc in large tranſparent plates; Muſcovy 
glaſs. | 

2. Talc in very ſmall ſilvered ſpangles. 

3. Talc in very ſmall golden ſpangles. Theſe two 
kinds are uſed to dry writing, under the 
name of gold or filver powder, 

4. Talc worn into the form of pebbles. 

5, Talc in black ſpangles. | 

b. Talc in mixed brilliant ſpangles, 


eln Genus IV. Amianthus, Aſbeſtos. 


Tux ſtones of this genus conſiſt of fibres or threads 
poſed parallel to one another, or interwoven like the 
xture of a web, Theſe threads are ſometimes ſtiff, 
metimes flexible; and they differ from one another 
colour, length, and thickneſs. The ancients ſpun 
em, and made of them a kind of cloth, to which 
ty gave the name of incombuſtible linen, in which 
ey burnt the bodies of the dead, in order to preſerve 
lr alhes, &c. 

＋ Amianthus melts, in a ſtrong fire, into an opaque 

Koured glaſs. 
Species 


er another, and of a gelatinous tranſparency. Theſe 
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species. 
1. Hard grey aſbeſtos, with parallel threads; l 
neous aſbeſtos, 
2, Hard green aſbeſtos, with parallel thread, 
3. Hard green aſbeſtos; its threads in bundles 
4. Aſbeſtos, with diverging fibres. 
5. Hard aſbeſtos, with ſoft fibres. 
6. Hard amianthus, with parallel greeniſh fiby 
7. Hard amianthus, with parallel white fibres. 
8. Amianthus in bright white bundles. 
9. Amianthus in hard yellowiſh bundles, 
10. White flexible amianthus, 
11. Grey amianthus. 
12. Mountain fleſh. 
13, Mountain leather, 
14. Mountain cork. 


DIVISION IL 
Compound Earths. and Stones. 


Tnrsx cannot be diſtinguiſhed by ocular obſerrati 
from thoſe of the former diviſion. As to the nature! 
their compoſition, they are formed of an homogenen 
matter, almoſt always coloured, generally opaque, Md 
ſometimes tranſparent ; moſt of them are regularly ei 
tallized. They are diſtinguiſhed into genera by fort 
and colour. They are all very fuſible, and afford gi 
of various kinds. Their fracture is ſometimes vitre® 
ſometimes ſcaly. In theſe ſubſtances nature has cn 
bined together earths, ſalts, and metals. 


Þ © „„ m * 


Bucq 


acrording'to the- Chemical Properiet: 251 
Bucquet divided theſe ſtones into two orders: Un- 
ger the firſt he comprehended earths and ſtones com- 
nunded with water, which he characteriſed as pro- 
lud of that element. This order again he divided 
to two genera, namely, ochres and zeolite, Under 
e ſecond order he reckoned ſchorl, macles, trap, a- 
ire one, fuſible precious ſtones, volcanic cryſtals, 
dlcanic glaſs, and pumice ſtones : theſe eight kinds of 
ne he conſidered as formed by the action of fire. We 
ave undertaken to give an account of the ideas of that 
eebrated chemiſt concerning the nature and claſſiſica- 
on of ſtones ; but as the diſtinction between theſe 
o orders is not eſtabliſhed by a ſuſſicient number of 
oncluſive facts, and as M. Bucquet himſelf offered 
dem only as hints, we ſhall here give the hiſtory of 
beſe genera ſucceſſively, without dividing them into 
ders, 


Genus I. Ochres, 


Ocarrs are leſe eaſily diluted in water than clays; 
bey are friable and ſoil the fingers; they are co- 
ured by metallic matters, generally by iron. When 

poled to a ſtrong fire, they aſſume a deeper co- 


8. 


1. Yellow ochre. 
2. Red ochre, blood coloured. 
3. Green ochre; Verona earth. 
4. Brown ochre; Umber earth. 


| 


pur: violent heat melts them. They are uſed in paint- 
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Genus II. Zeolite. 


Tus zeolite, firſt deſcribed by Cronſtedt, is a flo 
compoſed of needles diverging from a common centg 
It neither gives fire with ſteel nor etferyeſces with acids 


When expoſed to fire it ſwells and produces a uh 
opaque glaſs reſembling enamel. By diſtilling it in: ; 
retort, a conſiderable quantity of water is obtained ; 
The reſidue, according to Bergman, conſiſts of fili 


ous, aluminous, and calcareous earth. Bucquet, wh 
analyſed it, mentioned his having found in it a wy 
little filiceous earth, and a particular kind of earth nv 
ther aluminous nor calcareous ; which with the fulphy 
ric acid afforded a ſalt cryſtallized in ſmall ſhining plates 
reſembling the boracic acid, and to which he thougt 
proper to give the name of zeolitous earth. Theſe tm 
earths are cryſtalliſed together by the help of wate, 
which forms more than an eighth part of the compols 
tion: for, from an ounce of white zeolite, from the 
iſland of Ferro, M. Bucquet obtained a dram and at 
half of water *. The property of compoſing a jeh 
with various acids is not peculiar to it; azure ſton 
tin, and ſeveral iron ores, &c. are capable of a fimua 


SCH 
lack, 
nd ca 
to a | 
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have b 
o thoſ 

Its « 
bink i! 


, laces 1 
compoſition f. Its origin and formation are unknowtz = 
* . | 1 
abundance of it is found among the products of voler * : 
noet 
1 See les Memeires de Savans etrangers, Tome IX. p. 576. | pecics. 
+ M. Pelletier, apothecary, a diſciple of M. d' Arcet, has gen! 1. 
the Journal de Phyſique (1782, vol. XX. page 420.) a memoir on l 8 
analyſis of the zeolite of Ferro, He has found, by the moſt accuril . 
experiments, that 1-0 grains of this ſtone contain 20 grains of aluns 3. 


nous, 8 grains of calcareous, and 50 of ſiliceous earth, and 22 f 
of water. Conſult that memoir.— F. 
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es. There is great plenty of in the iſle of F erro. 
'e are aquainted only with five kinds of it. 


1. White zeolite, in tranſparent faſces, 

2, White zeolite, in compact faſces. 

3. Red zeolite. 

4. Green zeolite. 

5. Blue zeolite. 
Neither the red, the green, nor the bao, has yet been 
amined. 


us III. Schorls. 


ScnokL is a dark- coloured ſtone, generally violet, 
lack, or green, very ſeldom white, ſufficiently brittle, 
nd capable of giving fire with ſteel, It melts eaſily 
to a black opaque glaſs : it is, according to Bucquet, 
combination of iron and aluminous earth. Bubbles 
ave been found in the interior part of ſchorls, ſimilar 
o thoſe in the flags of glaſs-houſes. 

Its origin is not very well known. Some people 
link it a volcanic product, becauſe it is often found in 
laces which have felt the ravages of fire; but it is like- 
file found among matters which have been long ex- 
oled to the action ob-water. 


Ipecies, 
1. Violet ſchorl, in cryſtals. 
2. Violet ſchorl in fibrous maſſes. 
3. Black ſchorl, in priſms of 4, 6, 8, or 9 ſides, 
with 
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with pyramids of 2, 3, or 4 faces, like n 
violet ſchorl. | 

4. Black ſchorl, in maſſes. 
5. Green ſchorl, in lamellated maſſes. WL 
6. White ſchorl, ſomewhat blueiſh. 
7. Electric ſchorl, of a yellowiſh red, tourmaline pur | 


Genus IV. Macles. 


Unver this name we comprehend a genus of ſtones 
a priſmatic form, opaque, dirty-coloured, and genen 
of a regular figure. By analyſing them M. Bucquet foul 
them to be of a nature nearly reſembling that of ſchorl 
namely, a compound of iron and aluminous earth. 


Species. 
1. Tetrahzdral macle, the ſeQion of which ext 

bits the figure of the croſs, It is found ig 

kind of hard deep blue ſchiſtus of Brittany, u 

which it adheres ſtrongly : it is very brit 

and when broken exhibits on its tranſyerk 

| ſeQion two blueiſh lines, cutting each othe! 

in the form of a croſs. Sometimes the midde 

of the priſm appears to be full of a matter it 


Tat 


era, ( 


ars t 


ſembling that of a gangue. 2 
2. Stones of the croſs; hexahzdral priſms, artic 2 
lated and crofled in the middle like the am 3. 
of a croſs; theſe are found in the leaves « . 
yellow mica; the two arms never crols cal . % 


other at right angles, 
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| Genus V. Trap. 


Tan is an hard ſtone fige grained, of a foliated frac - | 


Je, and angular, like the ſteps of a ladder, Its co» 
ur is a deep green, approaching to black, often-inclia- 
g to the colour of ochre ; it is very ponderous, and 
ves fire with ſteel. It melts into a blackiſh glaſs, and 
always covered with a kind of cruſt ſofter than itſelf, 
t is a compound of aluminous earth and iron: Ac- 
acding to Bucquet iron-exiſts in it, in the proportion of 
renty-five pounds to the quintal, ſo that it might be 
ofidered as an iron- re. M. Daubenton thinks it a 
hitus containing quartz in ſand. There is only one 
ind of trap known,—that which we have deſcribed. 


Genus IV. Azure Stone; Lapis Lazuli, 


Tnis ſtone is claſſed along with the preceding ge- 
era, on account of its colour, the ſineneſs of its grain, 
ad the quantity of iron wm from an analyſis, it ap- 
ars to contain, 


1. Oriental azure ſtone. | 
2, Azure ſtone, of a pale blue, and often purpliſh. 
3. Armenian tone, clouded with white and pale 
blue. 
The azure blue uſed in painting, which is one of the 
|t fixed and permanent colours known, is a prepara- 
n of this ſtone, 


Genus 


256 Claſſiſcation of Earths and Stones 


Genus VII. Fufible Cryſtal Gems, 


M. Bucer, in conſequence of obſerving the d 
ferences of the various kinds of gems, or precious ſtone 
as to chemical properties, was induced to arrange then 
ſeparately under thoſe diviſions and orders to whig 

they ſeemed moſt properly to belong. Thoſe wii 
we are going to introduce in this place are evident 
compounds, Bergman found them to conſiſt of va 
ſubſtances, ſuch as filiceous and aluminous en 
lime, and icon; all of them are fuſible, and compa 
of laminæ. Their fracture is lamellated, 


Species. 
1. Aqua- marina. 
2. Emerald. 
3. Cryſolite, 


4. Ruby. Pumi 
5. Vermilion, or Bohemian garnet. whic] 


6. Garnet. 


Genus VIII. Volcanic Cryſtals. 1. 

2. ( 

Uxpzx this genus Bucquet comprehended all $ | 

ſtones as are of a regular form, tranſparent, colour 4- ( 
and ſimilar to cryſtal gems, but poſſeſs not the hardos 
or brilliancy of theſe laſt, They are found in car 
lined with ſmall ſparkling particles of the ſame natuꝶ 

agglutinated together. They are met with in Mur g 

neighbourhood of volcanoes. We admit three ſpeature 


of them, 


Speck 


according to their Chemical Properties. 2 57 


pecies. h 

I. Volcanic chryſolite; polyhædral cryſtals of a 
golden green. 

2. Volcanic hyacinth, polyhzdral cryſtals of an 
orange yellow. 

3. Volcanic garnets, Theſe ſtrongly reſemble 
ſingle garnets ; but they are irregular, and, 
as well as the two foregoing ſpecies, ſcattered 


among brilliant lavas. 


Genus IX. Pumice Stones. 


Mosr pumice-ſtones appear to be a collection of vi- 
ous threads wound up together, nearly like yarn on a 
e The pumice-ſtone 1s really a combination of ya- 

bus ſubſtances which have been reduced to fuſion by 
volcanic heat. 

Pumice-ſtones may be divided into four ſpecies; each 
which has many varieties, 


les. 
1. White fibrous pumice · ſtone. 
2. Coloured fibrous pumice-ſtone. 
3. Light cellular pumice-ſtone. 
4. Compact cellular pumice-ſtone, 


Genus X. Vulcanic Glaſi. 


Tur glaſs melted and diſcharged by Volcanoes is a 
ture ot earthy and ſaline matters, coloured with 
ol, I. R iron 
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iron or ſome other metallic ſubtance. It is actually: 
natural chemical combination effected in the dry Way, 


| Species. | 
1. Greeniſh cellular glaſs. 
2. Blackiſh cellular glaſs, or in agglutinate 


threads. 
3. Black glaſs, very fine and tranſparent; le. 


land agate; lapis obſidianus of the ancient 


DIVISION III. 


Mixed Earths and Stones. edi: 

Tux charaQeriſtics of the ſtones of this diviſion ax 
eaſily diſtinguiſhed, We can diſcover merely by i 
ſpection, of what different matters they conſiſt; ant 
the more readily if we compare them with the ſtone 
of the two foregoing diviſions. We formerly oblex 
ved, that, in order to analize them, it is firſt necellay 
to divide the various ſubſtances with an hammer; af 
this operation is performed, they are found to conlitd 
ſimple united with compound ſtones. If theſe mi 
ſtones be expoſed unbroken to the action of fire, the 
will melt with more or leſs facility into a party-colouk 
ed glaſs, the nature and colours of which will be 
cording to thoſe of the matters of which it is col 
poſed. 

Theſe ſtones appear to have been formed by the 6 
nion of the ſeveral ſubſtances of which they conſiſt, 6 
fected either by fire or water. On account of this ci 
cumſtance, Bucquet ſubdivided this third diviſion in! 
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ly: 
ay, 2 


wo orders, as well as the foregoing. His firſt order 
amprehends mixed ſtones formed by water: the ſecond, 
ach as owe their compoſition to fire. As this ſubdivi- 
- is authoriſed by many more facts than that of the 
cond diviſion, we ſhall follow it with more confidence, 


Ozvex J. Farrus and Stones Mixed by WATER, 
Genus I. Petro ſilex, or Rockftone, 


By this name naturaliſts denote a ftone of an inter- 
ediate hardneſs between ſoft ſtones and filex. M. 
W:ubenton ranks it among the vitreous ſtones, becauſe 
ſcintillates with ſteel, and its fracture is vitreous, 
ough ſometimes. rather ſcaly. Petro-filex has a kind 
ffaint or half tranſparency like wax. It is duſky and 
eſtitute of brilliancy, and has even ſomewhat of the 
ppearance of tallow ; it is fine grained and very com- 
at; it is found in large maſſęs: it ſometimes diſplays 
yers variouſly ſhaded, diſpoſed one over another, The 
hemical characteriſtic by which M. Bucquet diſtin- 
wſhed it, was its diſpoſition to melt by fire into an 
que glaſs. It is far from being ſo eaſily diſcoverable 
þ be a mixture as the following genera; it ſeems to 
leſs the characteriſtics of compound ſtones “; and 
R2 for 


* I muſt here obſerve, that theſe charaReriftics of ſtones, derived 
m the manner in which they are affected by fire, are founded on 
periments made by M. Bucquet, in conjunction with the Duke de 
ticfoucau!t, in an excellent furnace for fuſion, conſtructed on pur- 
le in the laboratory in which that illuftrious cultivator of che- 
miſtry 
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for this reaſon we rank it at the head of the third din, 
ſion: it forms a kind of of intermediate ſtep bett 
this and the foregoing. 

The form of its layers, the matters which they oſic 
contain, and ſtill more the maſſes in which it is accuny 
lated in the bowels of the earth; ſhow plainly 1 it ons 
its origin to water. 


- 


Species. 
1, Grey petro-ſilex. 
2. Reddiſn. Gs 
3. Greeniſh, ion 
4 Brown, * 
4. Black. Oc 
6. Spotted. 8 
7. Veined. *P 
ccor 
Genus II. Pudding-Stone. =D 
— PupDING-STONE is a mixture of flints united byz = 
cement of a different nature. That cement is eithe A 
gritty or argillaceous, or ochreous; ſometimes it is hat 
and reſembles ſilex. 3 
Its formation is by no means equivocal ; it is on A 
to water. Thele ſtones are always found either on tix * 
ſea-ſhore, or in places which have been once coven 
with water, and afterwards left dry. 
ö Speck 1 
Rey we 
4 H. 
miſtry profecutes ſo many reſearches for the improvement of +T 
ſcience. I have re-examined moſt of the reſults of theſe experimen turali 
which it is to be hoped will be one day communicated to the pub ub 


variat 
Lead 
BY 


they will confirm the fine ſeries of experiments made by M. DA 
and will add to them a number of facts, wy to ſupport Bucquii 
arrangement of ſtones, 
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| din | 
= Sandy pudding-ſtone *. 
2. Ochrous. 

3. Argillaceous. 

4. Siliceous. 


5. Agatified ; ſuſceptible of the fineſt poliſh, 


Often 
cumye 
ft owes 


* Genus III. Granite. 


GRANITE is formed by the union of ſmaller or larger 
zzments of three different ſtony matters. Theſe are 
huartz, feldt ſpar, and mica, 

On account of the quartz and feldt-ſpar which it 
ontains, it gives fire with ſteel: its fracture is irregular 
nd coarſe-grained : it is fufible, but in various degrees, 
cording as the three component matters are propot- 
ned in the compoſition, It is ſuſceptible of a finer or 
| inferior poliſh according to the fineneſs of its grain 
d the hardneſs of its principles. Some ſpecies of it 
ufer alteration, and waſte away by the action of the 
ternal air, This laſt phenomenon enables us to diſ- 
nguiſh ancient from modern granite, It has been 
bdivided into many. ſpecies : But we ſhall reduce 


em all to the following +. 
R 3 Species. 


1 
either 
is hatt 


6 0) Wy 
on the 
20vere 


* I have obſerved ſome of theſe in the very a& of forming ; while 
1 yet, ſoft and flexible, but, tough, and ſufficicatly coheſive. 


f The natural hiſtory of granites has been much ſtudied by modern 
tralifts. - M. Sauſſure, in his Voyage des Alpes, has communicated 
number of new and important facts on this head. Granites are not 
faniably formed of a mixture of thoſe three ſtones. Some of them, 
dead of mica, contain ichou ; others contain both ſchorl and mica 
lac lame time. A mixture of quartz and feldt-ſpar, without a 

3 third 
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$pecies 
1. White granite, 
2. Grey. 
3. Red. 
4. Brown. 
5, Green, 
6. Black. 
7. Dirty and friable granite, having ſuffered ale 
ration by the action of fire. 


«© a ad ac 


Genus IV. Porphyry. 


PorPHYRY is a ſtone ſpeckled with ſpots on a groun 
of red, or ſome other colour. It produces abundance 
of ſparks when ſtruck with ſteel, 

It differs from granite in being harder and fuſceptible 
of a much brighter poliſh : it ſeems to conſiſt of feld. 
ſpar and ſchorl, united by a quartzoſe cement. 

The paſte which conſtitutes the ground of porphyy 
is of a very fine cloſe grain; the other fragments ul 
ted in it are generally much ſmaller than thoſe of gr 
nite. This ſtone is fuſible into a coloured glaſs. A 
the ſpecies of porphyry may be reduced to the follon 

ing ſeven. 


Species. 
1. Red porphyry, with large ſpots. 
2. Red porphyry, with ſmall ſpots. 

3. Green porphyry, with large ſpots. 

4. Green porphyry, with ſmall ſpots. 


Specs 


third ſubſtance, conſtitutes granitine + quartz and ſchorl compoſe t 
ello, See an account of theſe particulars in Sauſſure's Ld oyage dau l 
Alper—PF, 


<= 


£ Black porphyry, with large ſpots: 
6. Black porphyry, with ſmall ſpots. 
7. Coarſe porphyry, of a dirty red, almoſt with- 
out ſpots, . nearly of the ſame nature with 
ſand-ſtone. 


Lale. 


Genus V. Opbntes, or Serpentine. 


Puxy gave the name of ophites to a kind of ſtones 
potted like a ſerpent's ſkin. Bucquet conſidered theſe 
$2 kind of porphyry, but harder, of a more ancient 
mation, and having their component parts much 
yore intimately united than the other kinds. They 
are likewiſe received the name of ſerpentine, or bard 
rpentine. On comparing this ſtone with porphyry, it 
ppears that they are both compoſed of a quartzoſe 
aſte, with feldt-ſpar and ſchorl ; but that in ſerpen- 
ne the fragments of feldt-ſpar and ſchorl are large and 
homboidal, while in porphyry they are very ſmall. 
Serpentine gives fire with ſteel ; its fracture is fine 
Ind half ſcaly ; it melts in the fire. 

The following are moſt of the ſpecies of ſerpentine 
luch we have had occafion to ſee. 


Tound 
dance 


ptible 
feldt 


phyn 
ts ul 
f gu. 
. 
ollows 


1. Ophites of a deep green ground, with large 
white ſpots. 


ler green, 
3. Ophites reſembling the preceding ſpecies ; its 
ſpots very ſmall, and ſcarcely viſible : Many 
R 4 ſayage 
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2, Dark green ophites, with oblong ſpots of a pa- | 
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Species. 
ſavage nations uſe it for money: it has recs, 
ved the name of thunder ſtone. 
4. Brown ophites, with irregular oblong ſpots or 
roſe-coloured white. 

We are almoſt entirely ignorant of the circumſtancy 
of the formation of ophites. We know not even whe. 
ther it be owing to fire or water. But as they reſemhl, 
porphyry, we- have for this reaſon placed them imme. 
diately after that genus, 


Ox II. EARTHS and STones Mixed by Fit. 


Continuation of the Volcanic Produdts. 


Tux origin of theſe ſubſtances is well known; the 
are never found but in the neighbourhood of vyolcance, 
or in places where volcanic fires have formerly exiſted, 
Beſides, they poſſeſs all the characteriſtics of produds 
of fire. Theſe, together with the compound ſtones 4 
bove deſcribed, will form a complete lift of volcanic 
products. 

We include not under this name all the matters which 
are found near volcanoes. Many of them are not ab 
tered by fire, ſuch as moſt of the ſtones above deſcribed 
more eſpecially granite, clay, &c. as well as many ſalins 
ſubſtances, together with calcined, melted, ſublimated, 
and vitrified matters. They exhibit nothing very & 
markable, and were we to deſcribe them here, it would 
occaſion an unneceſſary repetition. We ſhall in anothe! 
place take notice of their exiſting in the neighbourho 
of yolcanoes, and of the alterations produced on then 
by ſubterrancous fire. | 


ſ o*0 
* * 


+ they 
andes 
Xiſted, 
rodudy 
ones & 
olcanic 


; which 
not ab 
cribed, 
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Genus I. Volcanic Aſbet. 


Taz name of volcanic a/hes has been improperly 
en to à kind of pulverized earthy matters of various 
ours, which are found in the neighbourhood of vol- 
ances, They appear to be compoſed either of a mix- 
re of ſubſtances diſcharged from the volcano, or of 
as altered by the action of air and water, Bucquet 
jought them to be combinations of iron and clay, 

ey are generally attracted by the magnet. We 
pow only two ſpecies of them. 


cies, 

1. Rapillo, a pulverized matter, of a blackiſh 
grey, which is found round the edges of vol- 
canic craters. 

Rapillo contains garnets and ſchorls, the form of 
which is ſtill diſcernible, though their angles 
have been ſoftened and incruſted by ſome 
matter in fuſion, | 

2, Puzzolana, This ſubſtance has received its 
name from the town of Puzzoli, where it has 
been made uſe of fince a very remote period : 
it is an argillaceous earth impregnated with 
iron, and variouſly coloured according as it 
contains a greater or leſs proportion of the 
metal. There is grey, black, yellow, red, 
and brown puzzolana. It melts by fire into 
a black enamel. It is uſed to compoſe 
a kind of cement or mortar, which poſſefles 
the property of becoming hard in water. M. 
Faujas de St Ford found ſome of it in Viva- 
rails, He thinks that it is formed by the al- 

teration 
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teration and attrition of porous lava, ay 
even of baſaltes, That philoſopher, in h 
reſearches on the nature of puzzolana, gin 
an account of the proceſſes neceſſary for bui 
ing with it, both under water, and when! 
is to be expoſed only to the action of the a 


Genus II. Lavas. 


Tuis name is given to matters which have been mel 
ed and half vitrified by volcanoes. They are uſu 
ſcattered over the ſides of mountains, the interior pat 
of which are inflamed over with volcanic foci. Thy 
iſſue from the craters of volcanoes in burning ſtrea 
which ſometimes overflow a wide extent of count 
carrying deſtruction and deſolation wherever they d 
rect their courſe. So conſiderable is their bulk, and 
intenſe their heat, that they cool but very ſlowly, andy 
not quite cool till after ſeveral years. In cooling, th 
crack and ſeparate into maſſes, which are ſometime 
a regular form: and this ſeems to be the origin of 
ſaltes. In cabinets of minerals there is a great yart 
of theſe ſtones. They generally conſiſt of a grey pil 
of a lighter or a deeper ſhade ; in grain and hard: 
ſubject to great varieties; with cryſtals or irregu 
fragments of ſchorl, garnet, glaſs, zeolite, &c. in 
ſperſed ; which makes a true mixture. It is impoli 
to point out any certain general properties of la 
for they all differ from one another in grain, cohel 
hardnels, colour, compoſition, &c. They are al 
general very fuſible, and afford a kind of blackiſh 
mel, like volcanic glaſs. M. Cadet found them tos 
tain iron, copper, and ſiliceous and aluminous © 


Beige 


II. 
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gman believed them to conſiſt of ſiliceous, alumi- 


S, UN : ; 
us, and calcareous earths, with a mixture of iron, 


in hy 

* oy laras, and more particularly thoſe which are the 
cut compact, poſſeſs the property of acting upon the 
rhere &2oetic needle. 


ies, 
1. Soft lava of various colours, containing cryſtals 
of black ſchorl, 


en mel 2. Soft lava of various colours, containing cryſtals 
uſual of green ſchorl. 

jor pat z. Soft lava of various colours, with cryſtals of 
, The white ſchorl. 


ſiren 4. Reddiſh lava, with blackiſh cryſtals, 


Coun 5. Yellowiſh ſaline lava. 

they d 6, Soft lava, with garnet cryſtals. 

x, and 7. Porous lava, of a changing luſtre ( Fr. Chatoyant.) 
7, andu 8. Porous grey lava, volvic ſtone, - 


9. Soft blackiſh lava, with white cryſtals, 

eum . Grey lava, ſomewhat compact, with duodeca- 
hædral, opaque cryſtals, or garnets altered by 
at vat fire, 


rey pat 11. Ancient lava, very compact, of a blackiſh 


Dat grey, and ſpeckled with ſpots of a deeper co- 
regd lour. 

c. in 

impall Genus III. Baſaltes. 

of lan 


chen EE is nothing more inaccurate in the writings 
are al uraliſts, than their deſcriptions. of baſaltes. Some 
ckiſh WE confounded both ſchorls and garnets with this 
em toe lance, There is no where to be found an accurate 
ous tion of the word ba/altes, Some conſider them 


Berg! 1 ag 
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as products of volcanoes; others think them to 1 
formed by water. The experiments and obſeryatic 
of Meſſieurs Deſmarets and Faujas de St Fond, indus 
us to prefer the former of theſe opinions, Regulaii 
ol form, abſolute opacity, and a conſiderable degrees 
hardneſs, ſuch as that it gives fire with ſteel, a gre 
aſhy colour, and an evident mixture of ſchorl, 


ſmall. fragments of vitrified matter, of a deeper coloy _ 
than the maſs through which they are interſperſed 
may be conſidered as the diſtinctive characteriſtics 2, 
baſaltes. They are likewiſe fuſible, 

Among this genus there are ſtones of enormous bulk 3. 
and collected in vaſt maſſes, which appear to hay 
been formed at ſome very remote period in antiquit 
Such are, 1. The columns of the Giant's Cauley | 4.5 
the county of Antrim in Ireland. 2. The rock « 
Pereneire near St Sandoux in Auvergne, which is ve 
accurately deſcribed by M. Deſmarets. There are othe 
regularly cryſtalliſed in ſmall priſms of three, four, 
five faces, &c. : their form, ſize, and diſpoſition, 
extremely various. | 

They are uſually arranged in regular order, one bal The m 
fide another. No analyſis of them has yet been made of y 
from which any thing could be determined concernin 
their nature. They ſeem to be nothing but lavas ap | 
parently cryſtalliſed, in conſequence of the ena, 1 
which run through them in all directions while the e he a0 
are cooling“. Their arrangement and amazing 1 pe 12 | 

wm £ For the 

* One theory which has been received concerning the formation . lee a 
baſaltes, is, that when a ttream of lava pours into the ſea, the u ww de St. 
pulſe of the water cauſes it to contract and ſplit into regular * They 
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wties give confiderable weight to this opinion : it | 
weyiſe appears, that water infinuating itſelf into the | | 
$inks, depoſites in them different kinds of earth, and 
ters the correſponding fides of the baſaltic columns : 
nd this ſeems to be the caule that produces the yellow 
« brown cruſts with which they are covered, "= 


1. Baſaltes in very long polygon priſms, not ter- 
minating in regular pyramids. . 


2. Baſaltes in ſhort truncated priſms, of three, | 4 | 
four, five, or ſeven faces. . | | 
4. Baſaltes in ſhort polygon priſms, terminating | 


on the upper end in a concavity, at the 
lower in a convexity ; articulated baſaltes. 
4. Small baſaltes, quadrangular, triangular, &c.; 
formed by the fracture of the larger co- 
lumns, and united in the ſame group with 
them &. | 


Genus IV. Scorie of Lavas, 


The melted matter of which lavas conſiſt is a mix- \ 
ne of various heterogeneous ſubſtances, differing in . 
denſity 


the ingenious M. Houel, in his Foyage Puttoreſque, Fe. ſhows 
theory to be inconſiſtent with facts. He propoſes another, in 
lich he aſcribes the formation of baſaltic columns to the heteroge- 
ty of the matters of which lavas are compoſed. An ingenious the- 
but not ſufficiently confirmed by fats. —H. 

For the hiſtory of theſe ſtones, and all the other products of vol. 
des, ſee an excellent work entitled Mineralogie des Volcans, par M. 
me de St Fond, Paris, 1784.—F. . 
Vf all the above ſpecies of baſaltic columns, there are ſpecimens to f 
ſeen in the-King's Park, near Edinburgh, II. 


6gue 


- — wo 


270 Claſſification of Earths and Stones 


cation 
unge 
bed 
auge mn 
it p 
tally « 


Plate 


denſity and gravity. As it is ſlowly cooled, theſe f 
veral ſubſtances are ſeparated, according to their 
vities. Hence the ſcoriz of lavas. Theſe are pong 
ſubſtances which have not been ſo thoroughly melted 
the lava, and whoſe levity raiſes them to the ſurface ; 
the maſs. In other reſpects they appear to be of 1 
ſame nature with lava ; the only difference being, th 
they are a more imperfect mixture. Scoriæ, as vel. B 
lavas, are found to contain ſchorl and garnet cry cal 
roporth 


Species. | 

1. Ponderous volcanic ſcoriæ, of a compact t of 

ture. te adva 
2. Black cellular volcanic ſcoriæ. wo diſt 
3. Black ſpongy volcanic ſcoriæ. pertie 
4. Black volcanic ſcoriæ, twiſted like a rope. be, as: 
5. Yellow ochreous volcanic ſcoriæ. tering, 
6. Reddiſh volcanic ſcoriæ. wos 1; 
The two laſt ſpecies plainly appear to have f bully u 


fered alteration from the contact of air, y 
ter, and acid vapours. 


Such was the claſſification of earths and ſtones whi L. By 


Bucquet thought proper to adopt in the years 17771 
1778, Great progreſs has ſince been made in the cli 
miſtry of mineralogy. Stones are now analyſed in 
moſt every laboratory. Meſſrs Bayen, D'Arcet, Mat 
net, de Morveau, Sage, Mongez, and Pelletier, 
France; Scheele and Bergman in Sweden; Achatt 
Bindheim, and Hupſch, at Berlin; de Sauſſute 
Switzerland; Woulfe, Withering, and Kirwan, | 
England, have examined a great number of earths 1 


ſtones: and in conſequence of theſe analyſes, the clai 
ficatl 


Bexar, 
ciouſl y 
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ation of earths and ſtones muſt undergo a conſiderable 
unge. Two of thoſe chemiſts have therefore pub- 
ed new ſyſtems of mineralogy, in which their ar- 
weements are founded on the nature of the compo- 
nt principles of miſſerals. But their methods are 
ally different from that of Bucquet, who ſought to 
ſciate exterior characteriſtics with chemical proper- 
is, Bergman and Kirwan have paid no regard to 
ical qualities; the nature, the quantity, and the 
portion of the component principles are the par- 
kulars on which they found their arrangements. 
ir ſyſtem, though it may contribute greatly to 
r advancement of chemical knowledge, cannot teach 
to diſtinguiſh ſtones by their appearance and ſenſible 
wperties. It was therefore abſolutely neceſſary to 
he, as we have done, ſome phyſical method, before 
tering on the examination of theſe ſyſtems. The one 
us light on the other; and they may thus be 
ally uſeful to the ſtudent of mineralogy. 


I. BzxxGMaN's Chemical arrangement of Earths and 
Stones *, 


BixoMan, after ſhowing that external properties, if 
iciouſly ſelected, may be of e in forming a claſſiſi- 
on of minerals, but are not of themſelves fully ade- 
ue to that purpoſe, eſtabliſhes his principal diviſions 

of 


This ſection is an extract from Bergman's work, publiſhed in 
(ch, by M. Mongez, under the title of The Mineratogiſt; N- 


Ce. F. There is an Engliſh tranſlation of it by Dr Wi- 
n07.—FH, 
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of claſſes and genera on the compoſition and inting 
qualities of thoſe bodies. Every mineral is arrange 
by that principle which is the moſt powerful, or 1 
moſt copious in its compoſition : all minerals, or foff 
are in this ſyſtem-divided into four claſſes ; ſalts, ear 
bitumens, and metals. We ſhall here take notice 
none but the earths. 4 
Bergman acknowledges five different Kinds of limp] 
earth; terra ponderoſa, lime, magneſia, clay, andfi 
ceous earth *, 
He firſt examines each of theſe as pure earths, thoug 
none of them is ever found ſuch in nature: he d 
ſeryes, that theſe five earths combine into twenty difl 
rent ſpecies, ten of two, ſix of three, three of fou 
and one of the whole five. But he ranges among tl 
ſpecies of earths all ſuch of their combinations vi 
acids as are not ſoluble in one thouſand'times their oi 
weight of boiling water; and thoſe ſpecies are th 
increaſed to a vaſt number. Beſides, two compoun 
earths, though made up of the ſame component pi 
ciples, may differ widely as to the proportion in whic 
theſe principles exiſt in them; even ſo much as to | 
eſſentially different in their nature. Theſe are th 
grounds on which Bergman and his commentator th 
Abbe Mongez, have diſtinguiſhed earths into differet 


[peci vor | 


Three of theſe five kinds of earth appear plainly to poſſeſs ſui * yy. ſſ 
properties, namely, baryte; or ponderous earth, magneſia, and ln to re fe 
and we therefore reſerve che hiſtory of them to the ſecond part of i¶ Ned with 
work. Bergman, whoſe intention was to divide ſtones according give th 
their principles, was obliged to rank them among the earths, becaMi volume 
they are often united with each other, Many of the ſubſtances whit A 
that illuſtrious chemiſt has placed among ſtones, come in our n gland fir 


to be conſidered as ſalta.— F. Lieraloo1 
- 
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hecies; for Mongez has made conſiderable additions 
p the labours of the Swediſh chemiſt. The following 
ne the ſpecies into which they divide each of the pri- 
nary earths, 


Ponderous Earth *, 
ſpecs: 

I. Pure ponderous earth. This is no where to be 
found in nature ; it is obtained, as we ſhall 
afterwards ſee, by decompoſing ponderous 
ſpar, | 

II. Aerated ponderous earth; a combination of 
terra ponderoſa with the atrial acid. This 
compound has not hitherto been found in 


water in a ſtate of ſolution f. 
III. Vitriolated ponderous earth; ponderous ſpar : 


: th a combination of ponderous earth with the 
poun vitriolic acid. Abundance of this ſubſtance 
| prin is found in mines. The Bologna ſtone is a 
whuc variety of it, 

to þ 


IV. Vitriolated ponderous earth, containing petro- 


re ln leum, mixed with ſelenite, alum, and ſili- 
or th ceous earth; the hepatic ſtone of Cronſtedt. 
fferet This is a bright yellow, brown, or black 
pecil vor. I. 8 ſparry 


we ſhall here follow the denominations of Bergman. It will be 
ly to refer the ancient names both of earthy baſes and of the acids 
ed with them, to the new and methodical denominations which we 


becuſ volume, and the ſecond. —F. 
f A natural compound preciſcly of this ſpecies has been found in 


gland ſince the death of Bergman. See the extract from Kirwan's 
Incralogy,—F 0 


nature: Bergman thinks that it may exiſt in 


give thoſe bodies in the hiſtory of ſaline matters. Sce the end of 


274 * Claſſification of Earths and Stone: 


ſparry ſubſtance; ſtrong ſmelling, and ng 
efferveſcent | with acids. A quintal of this 
natural compound contains, according to 
Bergman, 33 parts of ſiliceous earth, 29 of 
pure terra ponderoſa, and 5 of clay, beſide 
lime, water, and vitriolic acid. 


Lime, 


Species, 6 
I. Pure or quick-lime. Bergman knew not whe. 


ther this ſubſtance exiſted in nature, 
II, Aerated lime; chalk, or calcareous earth; 3 
combination of lime with the aerial acid, 
It often contains marine ſalt of - magnelia, v 
calcareous marine ſalt, clay, and ſiliceou 
earth or iron. In the bowels, or on the ſur. 
face of the earth, it conſtitutes lac lune, con- 
gelations, calcareous ſtones, marbles, calc 
reous ſpars, concretions or ſtalactites, &c. 
III. Bituminous aërated lime, or lime impregnated 
with petroleum; ſwine-ftone, It is found 
in France at Villers-Cotterets, Plombieres, 
and Ingrande in Anjou; at Rattwik in Da. 
lecarlia, Kinekulle in Weſtrogothia, Kral- 
naſelo in Ingermania, in Portugal, in Swe 
den, &c. If violently rubbed, or heated, it 
diffuſes a fetid ſmell, which ſometimes at- 
tects the noſtrils in the ſame manner # 
cat's urine; and ſome authors have there 
tore given it the name of /apis felinus. | 
efferveſces with acids, decrepitates, and 16+ 
ſes its ſmell and colour in fire, When di 


tilled 


1 Found 
T, both | 


ban. 
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tilled in large quantities, it affords, 1. A 
fetid liquor, which turns the ſyrup of vio- 
lets green, and efferveſces with acids; 2. A 
blackiſh oil, of a ſtrong ſmell, reſembling 
that which is obtained from pit-coal ; 3. Con- 
crete volatile alkali The reſidue contains a 
little marine falt. This ſubſtance owes its pe- 
culiar properties to the bitumen mixed with it. 


IV. Fluorated lime; fluor mineral, or vitreous ſpar. 


A combination of lime with the ſpathoſe or 
fluoric acid; with a mixture of clay and filice- 
ous earth, and a little of the marine acid. 


ella, v. Lime ſaturated with a peculiar acid, probably 


Found to be ſo. See Scheele's Eſſays, and De Luyart's ou Wol- 
a, both tranſlated into Eng liſn.— H. 


metallic“; ponderous ſtone; Swediſh Tung- 
ten. This is the weightieſt of all ſtones, It 
is found in ſmall yellow or red grains in the 
mines of Baſtnaes, near Kitterhute in Weſt= 
mania; at Marienburgh and Altenburgh in 


Saxony; it is ſparry, bright, and whitiſh. It 


is often confounded with white tin ore. It 
ſcarce yields to the action of fire, and is vitri- 
fia ble only at the ſurface: it is not ſoluble in 
boiling water; the vitriolic acid ſeparates the 
lime : by diſſolving it in volatile alkali, preci- 
pitated by the nitrous acid, a white powder is 
obtained, which is the peculiar acid diſcover- 
ed by Scheele. In order to recognize and diſ+ 
tinguiſh it from other ſtones, we muſt firſt re- 
duce it to powder, and then pour upoi it a 

S 2 due 


8 — lt oe 
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species 
due quantity of the nitrous or of the marine 
acid. This mixture, when gently heated, af. 
ſumes a fine yellow colour. (See Le Journal 
de Phyſique, 1733, tome 22.) 

VI. Atrated lime, contaminated * with a ſmall 
mixture of muriatic magneſia, or marine ſalt 
of magneſia. 

VII. Atrated lime, contaminated with clay; falſe 
marl. | 

VIII. Atrated lime, contaminated with filiceoys 
earth. Some hewing ſtones and marbles give 

fire with ſteel, on account of the fragments 

of ſilex or quartz which they contain. 

IX. Atrated lime, contaminated with a mixture 
argillaceous and filiceous earth; perfect mai. 

X. Aetrated lime, contaminated with iron and 
manganeſe : falſe white iron ore; black and 
duſty, or hard, red, or whitiſh. The mines 

of Hallefors exhibit theſe varieties f. 


Maęneſia. 


I. Pure magneſia. This is always a product of art 
II. Aèrated magneſia, diſſolved in water ſaturate 
with atrial acid. 

III. Atrate 


* The word contaminated, imgquinatus, is uſed by Bergman to 
note the mixture of two or more earths, when no real combinati 
takes place. We ſhall therefore ſometimes ſubſtitute the word nas 
in its place. -F, 

+ All theſe ſpecies are ſaline ſubſtances, which will be deſcribed! 
the hiſtory of ſalts. —F. 6 


VI 


II. 
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rated 


rate 
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drei | 


III. Aerated magneſia, mixed with filiceous earth. 
It ſcintillates and efferveſces, 
IV. Magneſia, intimately combined with clay and 
ſiliceous earth; ſteatites, Briangon chalk, 
ſoap-ſtone, lapis ollaris, ſerpentine, lapis ne- 
phriticus. 
V. Magneſia, combined with a conſiderable por- 
tion of ſiliceous earth, and a ſmaller quantity 
of calcareous and argillaceous earth, and con- 
taminated with calx of iron. Aſbeſtos; 
mountain cork ; mountain leather; amian- 
thus. Bergman found a quintal of amianthus 
to contain 64 parts of filiceous earth, 183ths 
of magneſia, 6,.ths of lime, 6 of vitriolated 
ponderous earth, 33% hs of clay, and 1;th 
calx of iron; a quintal of aſbeſtos afforded 67 
parts of ſiliceous earth, 16xths of magneſia, 6 
of clay, 6 of lime, 4x of calx of iron. 
VI. Magneſia mixed with argillaceous and filiceous 
earth, and with pyrites ; a kind of ore of a- 
lum deſcribed and analyſed by M. Monnet. 
(Sy/t. de Mineralogie, genre g. page 161). 
VII. Mag neſia mixed with argillaceous and filiceous 
earth, pyrites, and petroleum; magneſian 
aluminous ſchiſtus. 


Clay. 


I. Pure clay. It is precipitated from alum by a- 
rated volatile alkali. 

Il, Clay mixed with filiceous earth. Porcelain 

earth ; Chineſe kaolin. Solid clay from Saint- 

8 3 Iriez 
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Species. | : | 
Triez in the Limoufin, from Japan, and from 
Saxony. Pulverulent clay from Weftmaniz, 
Boſerap, and China. Theſe earths are often 
mixed with mica. Clays for potteries and 
delft-ware are coarſer, but of a fimilar nature, 
III. Clay mixed with iron and filiceous earth. Boles 
or bolar earth,. grey, yellow, red, brown, and 
black. Theſe, when waſhed, become term 
ſigillatæ. Common clays, of a green, blue, 
or red colour, are of this ſpecies. | 
IV. Clay mixed with filiceous and calcareous earths, 
Argillaceous marl ; pipe clay; agaric minen 
or foſſil. | 
V. Clay mixed with filiceous and magneſian earth, 
Lemnian earth; fuller's earth; foap-ſtone ; 
ſmectites. Bergman obtained from Lemnian 
earth, Hampſhire clay, and Engliſh fuller's 
earth, a conſiderable quantity of filiceous 
earth, about Fth of clay, and as much atn- 
ted lime, with th of a&rated magneſia, and 
the ſame quantity of oxide of iron. He gives 
= to theſe earths the generic name of lithomarga. 
bp VI. Clay contaminated with ſulphur and vegetable 
alkali : alum ore of Tolfa and Solfatera, 
Bergman takes it to be a volcanic product. 
VII. Clay mixed with filiceous earth, pyrites, and 
| petroleum ; aluminous ſchiſtus. It is found 
in Italy, in the diſtrict of Liege; in Sweden, 
and in Jemteland. Black crayons, ſuch # 
thoſe from Bechel near Seez in Normandy; 
and the ampelites, are of this ſpecies. Trip 
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lis are of the ſpecies of aluminous ſchiſti, more 
or leſs burnt. Such are thoſe of Poligne in 
Normandy and of Menat in Auvergne. 
M. Mongez comprehends under this ſpecies, 
thoſe ſchiſti which contain much clay, and 
more or leſs filiceous earth and bitumen. Moſt 
of them contain likewiſe a mixture of calca- 
reous earth,- and efferveſce with acids. The 
proportions in which the component principles 
are mixed in theſe ſchiſti are extremely vari- 
ous. Some of them are ſo bituminous, that 
they burn with flame; others are full of py- 
rites, and efferveſce in the air; ſome again 
are exceſſively hard, and give fire with ſteel. 
M. Mongez admits five varieties: 1. Hard ar- 
gillaceous ſchiſtus, or writing ſlate: 2. Soft 
argillaceous ſchiſtus, or ſlate for roofing houſes : 
3. Soft filiceous ſchiſtus, uſed in poliſhing me- 
tals : 4. Hard ſiliceous ſchiſtus, uſed for whet- 
ting razors ; ſcythe-ſtone: 5. Hard calcare- 
ous ſchiſtus, which makes an indifferent lime, 
ſuch as that of Allevard in Dauphiny. 
Clay combined with nearly halt its weight of 
ſiliceous earth, a little arated lime, and ſome 
oxide of iron ; cryſtal gems. Bergman's fine 
diſcoveries concerning the nature of cryſtal 
gems, which, from their exceſſive hardneſs 
and apparent inalterability, were formerly 
though not to be ſuſceptible of a chemical a- 
nalyſis, have been confirmed by the experi- 
ments of Meſſrs Margraf, Gerhard, and Achard. 
84 The 
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The following is the reſult of Bergman's ang. 
lyſis of the five cryſtal gems, which are yarie. 
ties of the ſpecies we are now conſidering, 


| Clay. Silic. Lime. Iron, 
Oriental emerald contains 6o 24 8 6 


Oriental ſapphire - 38 35 5 2 
Saxon topaz 0 — 46 39 | 8 6 
Oriental hyacintin 40 25 20 13 
Oriental ruby . 40 39 9 10 


—— 


100dth parts. 


— 


The means employed by this ingenious che. 
miſt for reſolving ſtones into their component 
principles, though very ingenious are yery 
ſimple. (See le Fournal de Phyſique, 17 
tome 14. p. 268 ; tome 21. p. 56 et 101) *. 

IX. Clay combined with a portion of ſiliceous earth, 
equal to more than half the weight of the 
whole maſs, with a very ſmall quantity of ac. 
rated lime and ſome iron; garnet, ſchor|, 
tourmalin. In theſe ſtones the proportion o 
the iron varies. See the analyſis of the Tou. 
malin of Tyrol, by M. Muller, Journal de Ph 

fique, tome 15. p. 182. ann. 1780. 

X. Clay flightly combined with half the weight 
of the * maſs, or rather more, of ſiliceous 
earth, and a ſmall quantity of lime ; zeolite. 
M. Mongez confiders the azure ſtone, hi 
lazuli, as a zeolite. M. Margraaf found 1 
ſmall quantity of gypſum, ready formed it 


the /apis. 
II 


* Or rather Bergman's ETLY/e— H. 


I. 1 


IL. 
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XI. Clay combined with a conſiderable quantity 
of ſiliceous earth and a little magneſia; talc, 
mica. The proportion in which the princi- 
ciples exiſt in this ſtone is not yet perfectly 
determined. 


Genus v. Siliceous Earth, 


I. Pure ſiliceous earth. This is obtained by melt. 
ing white quartz with four parts of fixed alka- 
li, diſſolving the whole in diſtilled water, and 
precipitating the earth with an acid. The 
precipitated earth is then waſhed and tho- 
roughly dried. 

II. Siliceous, united with a very ſmall proportion 
of argillaceous and calcareous earth: The 
ſeveral varieties of rock-crylital, of quartz, and 
of grit-ſtone. 

III, Siliceous, united with argillaceous earth. Hy- 
drophanes chalcedony, or oculus mundi: ac- 
cording to M. Gerhard of Berlin, this ſtone 
contains a greater quantity of clay than of 
ſiliceous earth. Opal: M. Mongez conſiders 


x cat's eye, fiſh's eye, and giraſol, as varieties of 
i this ſtone. To theſe three he adds agate and 
api its varieties; cacholong, carnelian, ſardonyx, 
4 1 gun-flint, and jade, They have not as yet 
T been analyſed with ſufficient accuracy, 


IV. Siliceous earth united with clay ſtrongly im- 
ll pregnated with iron ; jaſper, M. Mongez 
3 _ conſiders 
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conſiders the ſinople as a variety of the] 
per. | 

V. Siliceous earth united with ſuch a quantity 
martial earth as renders it ponderous; fi 
jaſper. M. Mongez calls this tone a n 

tallic quartz. He diſtinguiſhes it into | 
black coloured by iron, and the red-coloun 
by copper. 

VI. Siliceous united with argillaceous earth, : cor 
a little lime; petroſilex. This ſtone ſo 
times gives fire with ſteel, and efferveſe 
with acids. It melts in a ſtrong fire. 

VII. Siliceous earth united with clay, and a lit 
magneſia ; feldt-ſpar. It ſuffers a change 
colour, and melts in the fire. Air does 

"decompoſe it. It gives fire with ſteel, 
breaks at every ſtroke. 

VIII. Siliceous earth, united with magneſia, ai 
ted and fluorated lime, and a portion of ou 
of copper and iron; praſe, chryſop 


rariou 
ele ſub 


Bergman gives the compoſition of this tis A. ( 

from an analyſes of it by M. Achard. B. Q 

C. Q 

I. APPENDIX. D. C 
BEOMAx, in his firſt appendix treats of min Variety 


ſubſtances mechanically mixed or united, in ſuch an 
ner that the principles of the mixture or compolit 
may be at once diſtinguiſhed by ocular obſervati 
We ſhall mention none but mixtures of earths; | 
are the ſtones known by the name of rocks, /axa. 
Mongez, who has made conſiderable additions to 
Bergin 
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Aman had done on this head, diſtinguiſhes theſe 
pes or rocks into two genera, 1, The firſt, thoſe 
hoſe parts are not united by any cement, but fimply 
here by juxta- poſition. Theſe are formed by the 
wlutination of a number of fragments. He diſtin- 
ſhes them into three-ſpecies,—granite, gneis of Sax- 
y, and horn-ſtone. 2. His ſecond genus compre- 
ds ſuch mixed ſtones as have their parts incruſted 
common cement; as is the caſe with the four ſpe- 
ws of porphyry, ophites, or ſerpentine, breccia, and 
dding ſtone. We ſhall here give the yarieties of theſe 
mes acknowledged by this naturaliſt. | 


L GRANITE is a compoſition formed by the union of 
unt, feldt-ſpar, mica, ſchorl, and fteatites, mixed 
rarious proportions; conſiſting ſometimes of two of 
eſe ſubſtances, ſometimes of three, and ſometimes of 
ur, Quartz is always the baſe. 


Variety I. Granite of two ſubſtances ; granitine. 
A. Quartz and feldt-ſpar. 
B. Quartz and ſchorl. 
C. Quartz and mica. 
D. Quartz and ſteatites. 


Variety II. Granite of three ſubſtances. 


common, the moſt plentiful, and the moſt va- 
ried of all. 

B. Quartz, mica, and ſchorl. 

C. Quartz, ſchorl, and ſteatites. 


Variety 


Quartz, feldt-ſpar, and mica. This is the moſt. 
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in a greater or leſs proportion, with a conſiderable qu: 
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Variety III. Granite of ſour ſubſtances, 
A. Quartz, feldr-ſpar, ſchorl, and mica. 
B. Quartz, feldt-ſpar, ſchorl, and ſteatiteg, 


IT. GxEIs is a mixture of quartz in grains, and mi 
tity of clay or ſteatites, which \ conſtitutes the baſe 


the ſtone, This ſtone 1s foliated like the ſchiſtus, 
poſure to the air ſoon alters and waſtes it down, bees 


the clay abſorbs moiſture, Many varieties of the gi elgh 
are found on the Alps of Dauphiny. er \ 
called 

III. Hor x- ock is a compact ſtone, conſiſting of Nous 
ry minute particles of an earthy aſpect, and exhibit poſiſtin 
over its ſurface ſparkling points of mica. When m calcal 
tened or ſtruck, it diffuſes a clayey ſmell. It hard", a 


in the fire like clays, and when expoſed to a very (ty 


heat, melts into a blackiſh ſcoria or a black glaſs. the g 
colours are extremely various. M. Mongez thinks f an 
Swediſh trapp a variety of the horn-ſtone, 2 
| eccia. 
IV. Poxrnyry ſeems to be compoſed of a fine 
paſte of the ſame nature with red jaſper, containing 
ther irregular or cryſtalline grains of quartz, of white 
reddith feldt-ſpar, and ſometimes of green orb 
ſchorl. 
V. Oemrss, or ſerpentine, is a ſpecies of potphſ M. 
of a green paſte, and greeniſh white ſpots. The Mets int 
of the ophites are generally oblong ; whereas thol 
porphyry are ſquare or rhomboidal. The thu, ITY 
ſtone is a variety of this ſpecies. ed to thi 


t of its | 
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VI. BxecCla, from the Italian word briccia, a crumb 
« fragment. This is a mixed ſtone of a much later 
mation than any of the above, formed of the ruins 
the primary mountains, of irregular worn pieces of 
ex, &c. united by a common cement. M. Mon- 
u makes no ſpecific diſtinction between breccias and 
udding-ſftones ; but gives to the latter a compound 
ne, indicating the nature both of their fragments 
d of their cement. He diſtinguiſhes theſe ſtones in- 
eight varieties : The calcareo-calcareous breccia, 
der which denomination both the breccia properly 
called and the lumachello are included; the ſiliceo- 
ceous breccia, or the pudding. ſtone &; the breccia 
wfiſting of calcareous and filiceous fragments, with 
calcareous cement; the breccia with filiceous ce- 
ent, and fragments of the calcareous and filiceons 
aus; the arenario-filiceous breccia,—of this variety 
the grey ſtone of Chartres ; the breccia with a ce- 
ent and fragments of jaſper ; the breccia with a ce- 
ent and fragments of porphyry ; and the volcanic 
reccia, 


white II. APPENDIX. 


Volcanic Products. 


orphe M. Moxc zz, with Bergman, divides volcanic pro- 
he cls into ſuch as are formed by fire, and ſuch as owe 
thole | their 


* According to this nomenclature, the firſt of the two names af- 
td to the breccia, expreſſes the nature of its cement; the ſecond, 
kt of its fragments, —F, 
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their origin to water. The laſt are nothing but ea 
matters, which having been diſſolved or ſuſpended 
water, are by it depoſited in places adjacent to vole 
noes, and among volcanic products: of this kind are i 
calcareous and filiceous incruſtations, as well a f 
zeolites which are often found among volcanized ſu 
ſtances. | 
M. Mongez divides the genuine products of vole :rra: 
noes into three orders: r. Earthy ſubſtances, but lit 
altered by fire; ſuch as calcareous matters, clays, o 
nets, hyacinths, ſchorls, and mica. 2. Earthy {y 
ſtances which have been burnt and calcined ; ſuch 
volcanic aſhes or rappillo, and puzzolana, the tufa, f 
peperino of the Italians, pumice-ſtone, and the vb 
earth which covers ſolfatara. 3. Earthy ſubſtane 
which have been in a ſtate of fuſion, or lavas; and 
theſe he admits ſeveral kinds, — the ſpongy by i 
compact lava, the lava in ſtalaQtites, and volcan 
glaſſes. After theſe diviſions, he mentions ſuch eant 
volcanic products as are of an uncertain origin. U 
der this order he reckons particularly volcanic ſcho 
and ſtill more baſaltes, which he takes to be maſles 
trapp ſoftened by the humid vapours of volcanoes, al 
ſlowly dried after theſe have ceaſed to exhale, 


II. ( 


| 

\ 1 

III. C 

$ III. Chemical Claſſification of Earths and Stone, 

Mr K1RWAN. , 

0 

In the year 1784, Mr Kirwan, a celebrated chen iy. c 

of London, publiſhed a work on mineralogy; in wi 0 
he gives a general claſſification of minerals, found 

on their chemical properties or combinations, Ther Kira 

tu oue hs 
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of his work contains earths and ſtones. ' He gives 
pidity, dryneſs, fragility, incombuſtibility, and in- 
wbilicy, as the charaReriſtic properties of theſe ſub. 
ances. With Bergman, he diſtinguiſhes five genera 


barytes, magneſia or muriatic earth, argillaceous 
th, and filiceous earth. From a chemical analyſis, 
arranges all known earths and ſtones under theſe 
e genera. 


CALCAREOUS GENUS. 
To this he refers twelve ſpecies. 

mes, | 

|, Calcareous earth, not combined with any acid; 
virgin lime of volcanoes, Falconer on Bath 
Waters, vol. i. p. 156, 157 Monnet. Mine- 
ral. p. 515. 

II. Calcareous earth, combined with atrial acid. 
Its varieties, which he arranges in two ſeries, 
are tranſparent calcareous ſpar, opaque ſpar, 

ſtalactites, tophi, incruſtations, petrifactions, 
agaric mineral or ghur, chalk, limeſtone, and 
marbles. Bayen, Journal de Phyſique, tome 11, 


P. 496. 
Ill. Calcareous earth combined with the vitriolic 
met, acid, gypſum, ſelenite, or plaſter *. He ad- 
mits two ſeries; the tranſparent and the opa- 
que. 
chen IV. Calcareous earth combined with the ſparry a- 
1 cid, fluor ſpar, petuntze of Margraf. Series 
ound I. 


Che ur Kirwan claſſes many earthy ſalts among ſtones ; thongh they 
pal" oc half more ſoluble than the moſt ſoluble ſtones, —F, 


imple earths, —calcareous earth, ponderous earth - 


+ It would be ſuperfluous to give here the proportions is 
the ſeveral principles are united in theſe ſtones, as we will hare 
ſion to mention them in the chemical hiſtory of ſalts. We {bw 
the proportions only in Mr Kirwan's two laft genera, which u. 
ider as genuine earths.— F. Vor. 
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N. eee fluor ſpars: II. Opaque ul 1 
ſpars. 

V. Calcareous earth combined with the acid 
tungſten, Tungſten or ponderous flor 
Woulfe, Phil. Tranſ. 1779, p. 26. ; Schee 
Eſſays. 

VI. Aerated calcareous earth, mixed with a d 
cernible quantity of magneſia. Var. I. Co 
pound ſpar, defcribed by Mr Woulfe, P 
Tranſ. 1779, p. 29. II. Creutzwald fla 
analyſed by M. Bayen f, Four. de Phyſ. u 
Xilk. p. 59. 

VII. Atrated calcareous earth, mixed with a I 
cernible quantity of clay, Var. I. Cen 
reous marl. II. Traveſtino, marge te 
ſtony marl. Ferber Travels in Italy, p. 1 le © 
119. ous ſp 

VIII. Atrated calcareous earth, mixed with 2 calcar 
cernible quantity of ponderous earth; bar b ſt 
marl of Derbyſhire, lumps 

IX. Atrated calcareous earth, mixed with a eus 
cernible portion of ſiliceous earth. Var leatite 

Stellated ſpar. II. Calcareous grit ; Wn-*"Pc 
free-ſtone, Moilon. Monnet, Mineraloyy, ies, o 
116. f the ] 

X. Atrated calcareous earth, mixed with a it note, 

quantity of petroleum, Swine-ſtone. fourn, 
þ 51, 
narble 


be colu 
the c 
arbles 


gra Atrated calcareous earth, mixed with a diſ- 
cernible quantity of pyrites; pierre de St. 
Ambroix, analyſed by the Baron de Servieret, 
Journ. de Phy. tome xxi. 394. 

XII. Calcareous earth, mixed with a diſcernible 
portion of iron. Var. I. A&rated calcare- 
ous earth impregnated with iron, Rinman, 
Mem. de Stock, 1734. II. Tungſten im- 
pregnated with iron, Cronſtedt, Mem. de 
Stock. 1751. 


To theſe twelve ſpecies of calcareous earth, Mr Kir- 
wan adds fix ſpecies of compound ſtones, in which cal- 
creous earth predominates. 1, Mixtures of the fim- 
ple calcareous ſpecies, ſuch as ſelenite and chalk, vitre- 
ous ſpar and tungſten. 2. Compounds made up of the 
ma alcareous and barytic ſpecies. Of this kind is a yel- 
bar ſtone of Derby ſhire, formed of chalk with ſmall 

lumps of ponderous ſpar. 3. Compounds of the calca- 
th 2 W'e0u5 and magneſian ſpecies; white marble mixed with 
leatites, the pietra telching, and the verde antico. 4. 
;mpounds of the calcareous and the argillaceous ſpe - 
ies, of chalk and ſchiſtus; ſuch as the green campan 
{the Pyrenees, the red campan, Florence marble, the 
notte, the amandula, the cipolin of Rome (lee Bayen, 
fourn, de Phyſique, tome xi. p. 499. Bol, et tome xii. 
„ 51, 56, ct 57.); of chalk and "mica, as the cipolin 
marble of Autun, the macigno, the pietra bigia, and 
be columbina or turchina of the Italians. 5. Compounds 
{ the calcareous and the filiceous ſpecies ; ſcintillating 
narbles, marble with a mixture of lava. 6. Laſtly, 
Vor. I. : 3 compounds 
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compounds of calcareous earth, with two or more of 
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the other genera ; ſuch as calcareous POE and the 
lime-ſtone mixed with mica. 


Species. 


BARYTIC GENUS. 
Under this genus he reckons fix ſpecies. 


I. Ponderous earth eombined with the aerial acid, 
A ftone found by Dr Withering on Alſton 
Moor in Cumberland. 

II. Barytes combined with the vitriolic acid, Pon- 
derous ſpar. 

HI. Barytes combined with the ſpathoſe acid, 
This ſubſtance exifts not in nature, but i x 
product of art. | 

IV. Barytes combined with the acid of tungſten, 
This is obtained in the ſame manner as the 
preceding. 

V. Atrated barytes, mixed with a diſcermble 
quantity of filex and iron. Bindheim. 

VE. Ponderous ſpar, mixed with ſilex, mineral oil 

and earthy ſalts. Hepatic ſtone, white, grey, 

yellow, brown, or black, 


 MURIATIC ox MAGNESIAN GENUS. 


Mr Kirwan reckons eight ſpecies of this genus, r- 
ranging under it both thoſe earths and ſtones in which 
magneſia predominates, and thoſe which, though con- 
taining more lilex than magneſia, yet exhibit all the 


characteriſtics of the magneſian genus, 


Specier 


cler 
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I, Magneſia combined with the aëtial acid, and 
mixed with other earths. Var. I, Mixed 
with filex ; uma maris, The Turkiſh to- 
bacco-pipes, and the Canadian pipe, are 
compoſed of this ſubſtance. II. Mixed with 
calcareous earth and iron; olive-coloured 
and bluiſh earth near-*Thionville, III. Mix- 
ed with clay, talc, and iron; greeniſh yel- 
low Sileſtan earth. 

II. Magneſia combined with the atrial acid, with 
above four times its weight of filex, and a 
ſmall proportion of clay. Var. I. Steatites, 
II. Lapis ollaris. 

II. Aèrated magneſia combined with filex, cal- 
careous earth, and a ſmall proportion of clay 
and iron. Var. I. Fibrous aſbeſtos, II. Co- 
riaceous aſbeſtos ; mountain cork. 

IV. Atrated magneſia, combined with filex, a&ra- . 
red calcareous earth, barytes, clay, and iron, 
Amianthus. 

v. Pure magnefia, combined with a quantity of 
filex, more than equal to its own weight, a 
third part of clay, nearly a third of water, 
and one or two tenths of iron. Serpentine, 
lapis nephriticus, Italian gabro. 

VI. Pure magneſia, combined with twice as much 
filex, and leſs than an equal quantity of clay. 
Venetian talc, Muſcovy talc. | 

VII. Magneſia combined with the ſparry acid. 
This ſubſtance is not found in nature. 

VIII. Magneſia combined with the acid of tung- 

p of ſten, 
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ften. This ſubſtance is not known to exif 
in nature. 


Gpec| 


Io theſe eight ſpecies, Mr Kirwan adds five others, 
compounds in which magneſia predominates. 1. Com. 
pounds of the ſeveral ſpecies of magneſia with one ano- 
ther; ſteatites and talc, Briangan chalk ; ſerpentine 
with fteatites or aſheſtos. 2. Compounds of the mag. 
neſian with the calcareous ſpecies ; red or yellow ſer. 
pentine, with ſpots of white calcareous fpar, potzovera; 
the black is the Nero di prato, and the green the verde 
di fuza of the Italians. 3. Compounds of the magne- 
fian and the barytic ſpecies ; ſerpentines with ſpots or 

. veins of ponderous ſpar. 4. Compounds of the mag. 
neſian and the argillaceous ſpecies; ſteatites mixed 1 
. with, clay, mica, or ſchiſtus. 5. Compounds of the 
magnefian with the ſiliceous ſpecies ; ſerpentine veel 
with quartz, feldt-ſpar, or ſchorl, 


ARGILLACEOUS GENUS, 


Mr Kirwan reckons fourteen ſpecies of this genus. 
XI 


Species. 

I. Clay faturated with the aerial acid; lac June, 
according to Schreber's analyſis. 

II. Clay combined with the aëcial acid, and mit- Xl 
ed with filex and water; potter's clay, pipe 

and porcelain clay, &c. 

III. Clay ſaturated with the vitriolic acid; em 
bryon alum in ſcales like mica. Baume. To t 

IV. Clay ſaturated with the marine acid; marie which t 


embryon alum, 


* 
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Cpecies. 7 

V. Clay combined with about one part and an 
half of ſilex, nearly one part of magneſia, 
and half a part of dephlogiſticated iron ; 
mica, 

VI. VII. VIII. IX. Clay combined with filiceous 
earth, magneſia, calcareous earth, iron, or a 
bitumen; ſlate, blae ſchiſtus, pyritous ſchiſ- 
tus, bituminous ſchiſtus, and argillaceous 
ſchiſtus. 


le X. Clay combined with a little ſilex, magneſia, 
e- and calcareous earth, with a quantity of iron 
or calx, nearly equal in weight to the 18 6 : 
g- horn-ſtone, or Horn- blende. 

ed XI. Clay combined with a quantity of filex ind 
he to four times its own weight, with half its 
ed weight of calcareous earth, and ſomewhat 


more than its weight of iron; toadſtone. 

XII. Clay united to from twice to eight times its 
own weight of ſilex, half its weight of lime, 
and once or twice its weight of water; zeo- 


lite. 
XIII. Clay united with four times its own weight 
unc, of ſilex, and one third of iron; pitch-ſtone, © 
lava. 
mii XIV. Clay mixed with a diſcernible portion of 
pipe red iron calx, and ſometimes with ſteatites; 
red chalk, 


em. 
a To theſe Mr Kirwan adds ſix compound ſpecies in 
anne which the argillaceous genus predominates. 


V. Tx SILI- 
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SILICEOUS GENUS. * 
This genus in Mr Kirwan's ſyſtem, comprehend; J 
. twenty-ſix ſpecies. 
Species. ; 
I. Siliceous earth nearly pure; quartz, cryſtal 
ſand, | * 
II. Siliceous earth, with one-fourth clay, and one- 
fortieth calcareous- earth; ſilex, gun- flint. See X 
Weigleb. Act. nat. Curioſ. t. 6. p. 408. 
HI. Siliceous earth, with from one-fourth to one. 
third clay, and from one-twelfth to one-fif. 
teenth calcareous earth; petroſilex. 
IV. Siliceous earth, with one-third clay, and one. * 


ſixth or one- ſeventh iron calx ; jaſper. 

V. Fine ſiliceous earth, mixed in various propor- 
tions with iron and other earths ; agate, opal, 
chalcedony, onyx, carnelian, and fardonyx, 
Precious ſtones of the ſecond order. XI 

VI. Siliceous earth, with from an equal quantity, 
to nearly three times its own weight of clay, 
from a ſixth part to an equal quantity of calca- 
reous earth, and from- one-eighteenth to an 
equal quantity of iron; ruby, topaz, hyacinth, 
emerald, ſapphire, Precious ſtones of the fit Xr 
order. 


VII. Amethyſt. The principles of its compoſition 
are not yet known. 

VIII. Siliceous earth, with one fifty. fifth of cal- 

careous earth, a ſmaller quantity of magn* 

ſia, 
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ſia, and a very ſmall quantity of iron, copper, 
and ſparry acid; chryſophraſe. ' 

IX. Sihceous earth, with blue fluor ſpar, and a 
little gypſum; lapis lazuli, M. Margraf 
found in it chalk, gypſum, filex, and iron. 
M. Rinman obſerved it to contain a portion 
of the ſparry acid. 

X. Jade, M. Kirwan conjectures it to conſiſt of 
filex, magneſia, and iron. 

XL Siliceous earth, with clay, ponderous earth, 
and magneſia; feldt-ſpar, petuntze, and La 
bradore ſtone. 100 parts of feldt-ſpar contain 
67 parts of filex, 14 of clay, 11 of ponderous 
earth, and 8 of magneſia. 

XII. Siliceous zeolite, This ſubſtance is found at 
Mzſliberg. It differs from the true zeolite 
in giving fire with ſteel, which the other does 
not; and this property is a proof that filex 
18 one of its principles, 

XIII. Siliceous earth, with clay equal to more 
than a third part of its weight, and one-ninth 
of chalk, with no iron; white garnet of 
Mount Veſuvius. 100 parts of it contain, ac- 
cording to Bergman, 55 of filex, 39 of clay, 
and 6 of chalk. 

XIV. Siliceous earth with clay, chalk, and one- 
tenth of iron, garnet. Bergman' ſays that 
100 parts of this ſtone contain 48 of filex, 30 
of clay, 12 of calcareous earth, and 10 of 


Iron, 


T4 XV. 
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Species. | 
XV. Siliceous earth, with a good deal of clay, 
nearly one-tenth of chalk, and a little iron 
and magneſia; ſchorl. 
XVI. Bar ſchorl, German ſtangen /hverl; found by 
M. Fichtel on the Carpathian mountains, |: 
is found among lime-ſtone, 1s of a priſmatic 
form, and gives a flight efferveſcence with 
acids: M. Bindheim obtained from 100 pam 
of this ſchorl, 61 of filex, 21 of chalk, 6 ü 
clay, 5 of magnefia, 1 of iron, and 3 of water, 
XVII. Tourmalin. . The following are, according 
to Bergman, the proportions of the princi 
ples of the tourmalins of Tyrol, Ceylon, and 
Brazil. 


| Clay. Sil. Cal. E. Iron, , XXI 
Tourmalin of Tyrol 42 40 12 6 4 
Fil of Ceylon 39 37 15 9 & 1006dth parts 
1 of Brazil 50 34 11 5 


3 | XXII, 
al XVIII. Baſaltes, trapp, 100 parts contain, ac- 
1 cording to Bergman, 52 of filiceous earth, 1; ] 

N of clay, 8 of calcareous earth, 2 of magneli XXIII. 

11 and 15 of iron. 0 
* XIX. Rowly rag. A grey granulated ſtone, ( 


which heat renders magnetic and melts, and 
which in the air acquires an ochreous ctul. 
1co parts of it, according to Withering, con 
tain 47.5 of ſiliceous earth, 32.5 of clay, au 
20 of iron. 

XX. Silex, clay, iron, and calcareous earth, mel 
ed together by volcanie ſire. 


hed - a" ad © i6- 


XI 
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1. Cellular lavas, improperly called pumice- 
ſtones. Theſe have been very imperfectly 
melted. Bergman found them to contain 
from res to of ſilex, from % to rs of 
\ iron, rd or ris of pure calcareous earth; 

ö and the reſt of the compoſition, clay. 

" 2. Compact lavas. Theſe have undergone a 
ſecond fuſion, and have therefore but few 
cavities. They ſound when ſtruck. 

3. Vitreous lavas, or lava entirely melted into 
black, green, blue, &c. glaſs. M. Sauſſure, 
by melting together, more or leſs thorough- 
ly, certain quantities of horn-rock, marl, 
and ſchiſtus, has produced imitations of 
theſe lavas. (Yoyagedansles Alpes, p. 127). 

XXL, Siliceous earth, united with about a tenth 
part of magneſia, and a very ſmall portion of 
calcareous earth ; pumice ſtone. 

XXII, Siliceous earth, with leſs than its own weight 
of magneſia and iron; martial magneſian ſpar. 
Piſolite found at Sainte Maire, by M. Maret. 

XXIII. Siliceous earth, withone third its own weight 
of atrated calcareous earth; Turkey ſtone. 
Oil hardens it. | 

XXIV. Siliceous earth, mixed with a little iron and 
calcareous earth. Rag-ſtone, 

XXV. Quartz conſolidated with leſs than its own 

weight of calcareous earth or clay, and a lit- 

tle iron; grit reducible to ſand by pounding 

Var. I. Grit with a calcareous cement ; of 


Fontainebleau: it efferveſces with acids. II. 
| With 
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With an argillaceous cement. This yariy 


does not efferveſce. It is uſed for buildin, 
for whet-ſtones, and for filtering water, 
X XVI. S. liceous earth conſolidated with ſemi-phlog 
ticated calx of iron; brown or black ſeint 
lating ſtone, which becomes red and exf 
ates in the air, Semi-phlogiſticated iron xs 


. ; prima 
glutinates earths ; but iron, when very mu * 5 


4 ape 
- calcined, poſſeſſes not the ſame agglutinatin ſpecies 
power. *This fact has been demonſtrated ji 1949 
. C an 
Meſlrs Edward King and Gadd. þ ſpecies 
d baryte 
To theſe twenty-ſix ſpecies of the filiceous genus, M be, or / 
Kirwan annexes fix other ſpecies in which that eu eie 
| predominates. The varieties which he includes und. * 
theſe ſpecies, are compounds frequently found in mou Agila 
tains of ancient formation. The Engliſh chemiſfdm 0 
not liable 
this ſupplement to the ſiliceous genus from M. Sauſſu . ſpecies © 
obſervations on the Alps. Among theſe varieties an /rintian 
the ſeveral kinds of granite, pudding-ſtones, granitelloif 3 a 
4 A. e Syanctan 
granitines, porphyry, gneis, variolite, &c “. 
e adamantt 
C HA. into t 
dm the dit 
pnes; Mr B 
* Since the publication of the fourth edition of M. Fourem e 
work, Mr Kirwan has publiſhed a new edition of his Elements of M ous lubſia 
neralogy, in which his ſyſtem is greatly altered and enlarged. ., Of 
In this edition he enumerates nine ſimple earths, the calcareous, ! \ granating 
barytic, the magneſian, argill, the hccous, the Scottiſh, EY nere 
the adamantine ; but not without intimating a ſuſpicion, that 1, born 
four laſt may be modifications of ſome of the five firſt. ende porpl 
In addition to the chemical charaders which he before employed vgs A 
in his arrangement of ſtones, he has now adopted from the luſt Ha 
Werner, the uſe allo of the external phyſical charafers, indie ff, | | 


that naturaliſt, 


1 
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. external charaBers which Kirwan here employs, are, colour, 

Are, tranſparency, texture, coheſion, denſity, adbeſion to the 
* fingers, and general fel, colour of a freak, abſorption or . 

| in water, ſmell, and taſte. 

internal characters, are, relation to acids, changes operated in a low 

fuſtality and other changes in higher degrees of heat, phoſpboreſ- 

* napne;i/m, electricity, and the reſults of a juſt analyfis, 

þ gives very ample tables of the fuſibility of the ſimple earths, 

yin various proportions, in heats not exceeding 166. of Wedge- 

16 pyromete r. | 

; primary genera conſiſt of earths and ftones having an Ho- 
z alpeCt. 

| — of the calcareous genus, are now augmented to the num- 

f (hirteen, and are all conſiderably altered in the deſcriptions of 

and in their arrangement in the table, 
be ſpecies of the Barytic genus are now reduced to three; barolite or 
| barytes ; barytes combined with the vitriolic acid; and the 

lone, or lapis hefaticur. | 

e ſpecies of the magnefian, or muriatic genus, are now increaſed to 

le argillaceous genus is divided into #wo claſſes ; the fin compre. 
g argillaceous carths liable to moulder in water, and ſubdivided, 

ito ſpecies, but into fix tribes; the ſecond containing argillaceous 

pot liable to moulder in water, and ſubdivided into ſeventeen ſpecies. 

e ſpecies of the filiceous genus are now augmented to forty-four. 

efrontian or Scottiſh genus conſiſts of but a fingle ſpecies, 

e jargonic genus has no ſpecies, ſave only the jargon of Ceylon, 

e Sydncian is not more diverſified than the two laſt foregoing ge- 


e odamantine genus has but the ſingle ſpecies of adamantine ſpar, 
Bed into three varieties. | 
m the diſcrimination and hiſtory of theſe homogeneous earths 
nes; Mr Kirwan next proceeds to examine AGGREGATED ſtones ; 
be defines to be ſtones vifibly involving two or more hetero- 
us ſubſtances, either adhering together, or inhering one in the 
e. Of this character, he enumerates and deſcribes granite, 
, granatine, granitell; granilite, gneiſs, ſhiſtoſe mica ; porphyry, 
porphyry, hornſtone porphyry, pitchitone porphyry, obſidian 
"ny, born porphyry, petunſe, petunſe porphyry, clay porphyry, 
ende porphyry, trap porpbyry, wacken porphyry, mullen por. 
, kragg porphyry, argillitic porphyry, novaculite porphyry, pit- 
porphyry, ſerpentine porphyry, granite porphyry, ſandſtone por- 
; amygdaloid, pudding. ſtone; calcareous ſandſtone, argillaceous 
ſandſtones, 
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ſandſtones, ſiliceous ſandſtones, ferruginous ſandſtones, rubleſtong, 
1 After theſe follow the pzx1vaTivEs, which are defined as u 
to participate of the nature of two or perhaps more heterog 
- « ſoſſils, without, however, any viſible ſeparationof one fromthe oi 
In three aryexDices, Mr Kirwan, examines, 1. diamond, and 1 
canic products; and 3. gives an account of the chemical analyſu ot 
and ſtones. 
The ſecond volume of this valuable work, in which the author 
miſes to treat of ſaline, inflammable, and metallic fuſtances, is impai 
expected by the public—H. | , 
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CHAP. IV. 


(f the Chemical Analyfis of Earths and Stones. 


HOUGH, within theſe few years, the chemical 
aoalyſis of earths and ſtones has been much more 
uſtriouſly proſecuted than at any former period, yet 
it muſt be confeſſed, that our knowledge of their 
ponent principles is far from being ſufficiently ex- 
ive or accurate, to be aſſumed as the foundation of 
jzethodical arrangement of them. Hence the diver- 
of the chemical claſhfications of theſe ſubſtances 
ch have been hitherto offered to the public; and 
this reaſon have we been induced to give an account 
he different methods ſucceſſively propoſed by three 
brated chemiſts in the courſe of a very ſhort period 

me. 
he chief advantage which has been gained from 
rarious reſearches of late made into the nature and 
ponent principles of earths and ſtones, is the diſco- 
of proper means for diſtinguiſhing theſe. The 
bod of analyfing theſe ſubſtances is not a little 
Iplex; and I mean to give only a general account 
in this chapter. In fact, as the ſtudent of che- 
y, who has read only the foregoing part of this 
x, though acquainted in. ſome degree with the 
nemena of fire, air, and water, muſt be entirely 
ignorant 


4 * 
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ignorant of the properties of ſaline bodies, wh 
are ſo efficaciouſly employed in ſeparating and + 


mining the conſtituent principles of earths and oni . 
if we were here to ſpeak of the uſe of ſolvents in x nie 
lyſing theſe matters, we ſhould both deviate from 21 
order and regularity which are neceſſary in lay 5 

down the elements of phyſical ſcience, and likewiſe E » 
the riſk of becoming unintelligible : I ſhall therefore eat 
ſerve a minute and particular account of the chemi * 
decompoſition of earths and ſtones by acids and alk 1 A 
to a different part of the work “, explaining here 3 a. 


thing but its general principles. 


| ; to be 
When we wiſh to diſcover the chemical propert 


7 lkewiſ⸗ 
of a ſtone or an earth, we muſt begin with a cars Ro 
examination of its phyſical properties, its form, h hs a 
neſs, gravity, colour, &c. The extraneous ſubſtand 1 
of which there is always a greater or a leßß quant . 
mixed with ſuch bodies, muſt next be ſeparated f Sg 
it, ſo as that it may be purified from all mixture, hee of . 
picking, waſhing, &c. A ſtone ſhould be reduced nefall 
powder, or, if the expreſſion may be allowed to wed a 
ſtate of earth, before we attempt to examine its it, fitte 
ciples, The firſt trial that is made is generally vl. 2ppa 
fire. A few ounces are expoſed in a well-baked c leriforn 
cible of clay or porcelain, to the heat of a ſtrong ol. - 


nace, ſuch as Macquer's ; that of a potter's or ag 
maker's is ſtill better for the purpoſe. It is to, be 
ſerved of the crucibles uſed in this operation, that! 
argillaceous earth of which they are chiefly comp 


though 


dee Bergr 
| de Mi; 


-F.—H, 

| dee a deſc 

* See the treatiſe on the Analy/is of Waters, at the end of this vagal ict. 
Ws of air 


—F. 
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alten a conſiderable ſhare in producing the altera- 
, which the ſtony fubſtance ſeems to ſuffer from heat: 
we have no way of avoiding this inconvenience ; 
indeed it becomes of little conſequence in a com- 
ative analyſis of a great number of ſtones. Of late 
un, the uſe of the blow- pipe for treating mineral 
ers with fire, has been introduced; and in the 
nical examination of an earth or a ſtone, this in- 
ment may be employed together with the above 
bribed means for decompoſition. Thoſe ſubſtances 
expoſed to the fire, either alone or ſeveral of them 
hed together, or with a mixture of ſome ſaline mat- 
to be afterwards deſcribed . Laſtly, they may 
likewiſe treated with a machine for pouring vital 
on coals, of which I have given a deſcription in my 
wire de Chimie, and which produces a heat that 
intenſity may be compared to the focus of a glats 
„ ſuch as that of the academy. Theſe operations 
duce either a fuſion more or leſs perfect, or ſome 
(ge of colour, confiſtency, form, &c. which is ta 
carefully deſcribed. The proceſs muſt be farther 
ned on, by putting the ſtony matter into an earthen 
It, fitted up with a receiver and a pneumato-che- 
al apparatus 4, in order to collect whatever water 
eritorm fluids may be diſengaged. Matters which 
id theſe products are properly ſalino-terrene ſubſtan- 
though they be conſidered as ſtones by naturaliſts ; 


yer, 


See Bergman's paper on the blow-pipe, with Mongez's notes 
| de Mineralogiſle ; or Cullen's Engliſh tranſlation of Berg- 
—F.— H. 


dee a deſcription of this apparatus under the article Gaz of the 
ical Dictionary, or in M. Sigaud de la Ford's work on the dific- 


ds of air. — F. 
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yet, as they are often found mixed with -genyi 
_ earths, it is therefore proper to mention here the gen 
ral mode of examining them. The action of fire hy 
whether a ſtone be filiceous, aluminous, or mixe 
But as moſt ſtones are of the latter kind, and many 
them conſiſt of ſeveral, ſome even of five or fix, dit 
rent ſubſtances united in various proportions, oth 
| procefſles are likewiſe to be employed for determini 
the principles of their compoſition. Theſe conſiſ 
treating them with ſeveral acid and alkaline folyent 
the ſucceſſive application of which ſeparates all i Sa 
principles of which they conſiſt. _ 
The action of air, and of water in vapour, may lik 
wiſe contribute to make us underſtand the nature x AI] 
conſtituent parts of earthy and ſtony matters. $ fic 
of them ſuffer no alteration from theſe agents; ate yhich | 
are divided, and gradually aſſume a new form, colouhithert; 
and confiltency: Theſe phenomena belong chiefly been e 
ſtones of a very compound nature, and containing mul natters 
iron. Laſtly, lixiviation with cold and warm wadWyncerta 
ſhows whether they contain ſaline matters, hower ide (alt 
difficult it may be found to bring theſe to ſolution. hond it 
Such are the means by the uſe of which mode sbich h 
chemiſts have been able to determine the nature ine ſb! 
the component principles of ſo great a number of ea alne; 
and ſtones. I have here given but a very ſhort natters. 
general account of them. In the hiſtory of ſaline bw and 
ters, we ſhall give all thofe particulars concernit 
them which cannot be conyeniently or adyantageoul 
introduced here. 
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Of Saline Subſtances in general; their Chara@eriſtics, 
Nature, and the Method of arranging them. 


SN E ſubſtances, of which there are a very con- 

ſiderable number, poſſeſs peculiar properties by 
which they are diſtioguiſhed from thoſe which we have 
litherto been examining. The properties which have 
teen employed by chemiſts as charaQeriſtics of ſaline 
matters, are ſuch as leave their real nature ſomewhat 
uncertain : being common to many other bodies be- 
ide ſalts, they extend this claſs of ſubſtances far be- 
yond its juſt limits. Taſte and ſolubility in water, 
which have been always given as charactetiſtics of ſa- 
ine ſubſtances, belong to many bodies which are not 
aline; as for inſtance, to all mucilages and animal 
matters, Theſe two properties again exiſt in a very 
by and imperfect degree in ſeveral ſaline ſubſtances. 
Naturali/ſts have not been more accurate in their defi- 
tions of ſalts : the tranſparency and cryſtalline form 
which many naturaliſts have conſidered as peculiar to 
them, belong equally to many other matters, eſpeci- 
ly earths, while ſome ſalts are quite deſtitute of them. 
Vol. I. 9 Macquer 
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Macquer has, therefore, aſſerted, with great truth, 
that the true limits which divide ſaline matters from 
other claſſes of ſubſtances are not well known. 
Yet as we muſt take ſome ſide, and form ſome deter. 
minate notions concerning the properties of theſe mat. 


(1. 


Me 
ters, we ſhall take a general view of them, before pm. Aer 
ceeding to the hiſtory of each particular falt. ive 

We acknowledge as ſaline ſubſtances, all ſuch as H ,umt 
ſeſs the greater part of the four following. properties WM ther: 
1. A ſtrong tendency to combination, or affinity 1 
compoſition : 2. A ſtronger or fainter taſte: 3. A gte .d wit 
er or a leſs tendency to ſolution: 4. Abſolute incom tende: 
buſtibility. Before proceeding to conſider each oi! fal. 
theſe properties by itſelf, we muſt obſerve, that in pW dat + 
portion as a body contains more or fewer of them, au buche 
thoſe in a greater or leſs degree, it is more or leſs of WMr-60in 
ſaline nature. From this, however, we mult not con thoſe | 
clude, that matters poſſeſſing theſe properties but in Wd 4. 
very faint degree are not ſaline. Were we to adniWrce o 
ſuch a principle, we ſhould expoſe ourſelves to frequenlagly, 
errors; as it ſometimes happens that two ſalts, he mbir 
in a ſolitary ſtate poſſeſſed theſe properties in a Hit of 
low degree, afford ſtill famter indications of theater, th: 

after being combined. In ſuch caſes recourſe mu eng i; 
be had to chemical analyſis, which, by ſeparating ot ne 
ſubſtances, will render their chemical properties mogriſed t 
obſervable, tate 

g III. 

Tast. 


erty 
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(I, Ti endency to Combination confidered as a Character. 
iſtic property of Salts, | 


MosT ſalts have a tendency to combine with many 
liferent ſubſtances. ' Among ſalts we find the moſt 
aftive bodies in nature, capable of forming an infinite 
number of combinations, by entering into union with 
others. Chemiſts have, therefore, always made molt 
uſe of ſaline matters; ſome of which they have honour. 
ed with the names of ſolvents and menſtrua. Yet this 
tendency to combination is far from being the ſame in 
all ſalts, Some of them poſſeſs it in ſo ſtrong a degree, 
that they corrode and deſtroy, or diſſolve whatever 
touches them, even vitrifiable and quartzoſe ſtones not 
reſiſting their attacks; ſuch is the power of many of 
thoſe pure ſalts that are known by the names of acids 
and alkalts, Others, though not poſſeſſed of ſuch a 
porce of combination, unite readily with many bodies. 
Laſtly, there are ſome among them, whole tendency to 
ombination is but very trifling, and ſcarce ſuperior to 
bat of earthy matters. But the cauſe why, in theſe lat- 
rr, the tendency to combination is fo finall, is, their 
king in a great meaſure ſaturated, as is obſervable of 
hoſt neutral ſalts. After this, we cannot well be ſur⸗ 
ned that ſalts are ſcarce ever found in a pure or ſolita- 
tate in the bowels of the earth. 


III. a/ confidered as a Characteriſtic of Salts. 


Tasre has been always regarded as ſo effential a 
operty of ſaline ſubſtances, that many philoſophers 
Uz have 
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have conſidered them as the only bodies in nature pol. but 
ſeſſed of this property, and the principle of all tate, WF een 
Though this opinion be not demonſlratively certain, the 
as there are many bodies, ſuch as metals, which have 28 bra 
diſcernible taſte, though not ſaline, while, again, ſerve dies 


ral ſaline ſubſtances have ſcarce any taſte ; yet it mu whi 
be acknowledged, that moſt falts poſſeſs the property form 
of taſte ; and this property is therefore to be conſidered and 
as one of their leading characteriſtics, The taſte offi 6 th 
ſalts, like their other properties, is different in differen rior 1 
ſpecies. In order to underſtand aright on what circunW 2l! ti 
ſtances it depends, and whence the cauſes of its vai tible 
ties, we muſt firſt endeavour to diſtinguiſh what con bodie 
tutes the peculiar nature of this property. By tall cate | 
we uſually underſtand an impreſſion made on a cem bodie 
organ which nature has given us for the purpoſe of d the f 
tinguiſhing by it ſome material body, and from which which 
we judge of that body as uſeful or noxious, and dete ¶ ſenſib 
mine either to make uſe of it or reject it. It is the Ad 
fore the action of the ſapid body on the nerves of ty ſapid 

tongue and palate of animals, which informs them tha faline 
one ſubſtance: may be of uſe, or another hurtfu iſ rangec 
them. But can this property of bodies affect only th the itr 


neryes of the tongue? will it not act with equal foray fible n 
on the whole nervous ſyſtem? Thoſe who are acquaint ful, th 
with the phenomena of the animal economy, know tl and « 


the action which conſtitutes taſte or ſapidity, mull Ii entice] 
fect all the other nerves, and muſt always be pro Kin. 

tioned to the ſenſibility of the ſubjects and the oi which | 
on which it operates. This idea of taſte naturally lay con ſiſts 


only th 
that ſe 


us to think, 1. That this quality of bodies will m 
ſcarcely any impreſſion on ſuch parts of the body a8 
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pal. but few nerves, or of which the nerves have but little 
ite, WJ (nfibility, on account of their being covered; as on 
ain, WW the ſkin where they are defended by the reticular mem- 
wen brane and the epidermis. 2. That this quality of, bo- 
eve dies will act with the moſt energy on thoſe organs in 
which the nerves are largeft, moſt numerous, and of a 
form the moſt proper for receiving an extenſive contact, 
and a violent emotion from ſalts; the epidermis being 
{ thin as to leave the nerves almoſt naked. The ſupe- 
ror ſurface of the tongue, the roof of the mouth, and | 
all the inner part of the mouth in general, are ſuſcep- 8 
tible of the ſenſation of taſte, from a vaſt number of | 
bodies which make no ſuch impreſſion on the leſs deli- 
cate ſenſibility of the other parts of the ſkin. 3. That 
bodies which have no taſte and no power of affecting 
the ſkin, may notwithſtanding this, act upon organs 
which are more delicate, and have nerves of greater 
ſenſibility, ſuch as the ſtomach and the inteſtines. 
Admitting theſe facts, we may diſtinguiſh taſtes and 
ſapid bodies into three clafſes, under which all the 
ſaline ſubſtances that we are to examine may be ar- 
nnged. The firſt claſs comprehends ſuch ſalts as have 
the ſtrongeſt taſte, and affect the ſkin in the moſt ſen- 
ible manner. The impreſſion of theſe ſalts is ſo power- 
ful, that it occaſions a very lively ſenſation of pain; 
and where its action is continued for ſome time, it 
enticely deſtroys the organization and texture of the 
kin, This property is called cauſticity, and the ſalts 
which poſſeſs it-are named cauſtics. The ſecond claſs | 
conſiſts of ſalts which have a milder taſte, and affect 1 
only the nerves of the organs through which we receive N 
tat ſenſation : theſe are diſtinguiſhed from one ano- 
U 3 ther 
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ther by names expreſſing the ſeveral impreſſions which 
they make on thoſe organs; ſuch as bitterneſs, aftrin. 
gency, acidity, acridity, urinous taſte, &c. To the 
third claſs we ſhall refer ſaline ſubſtances, the taſte gf 
which is ſenſible only to the ſtomach and the inteſtines; 
but the number of theſe ſalts is very ſcanty, 

Some obſervations are neceſſary on the mutual rela. 
tions of theſe ſeveral claſles of ſalts. It is firſt to be ob. 
ſerved, that between thoſe which poſſeſs the peculiar 
properties of any of the three claſſes in the weakeſt, 
and thoſe which poſſeſs the ſame properties in the 
ſtrongeſt degree, there are, many varieties ; there are 
ſtronger and weaker cauſtics; ſome inſtantly deſtroy 
the texture of organized ſubſtances, others require z 
conſiderable time to produce that effect. The ſame 
fact may be obſerved of bitter, aſtringent, or urinous 
ſalts, as well as of thoſe which act only on the nerves 
of the ſtomach. Secondly, when we conſider theſe 
varieties of the ſeveral claſſes, we are naturally led to 
think, that all taſtes are but different degrees of the 
ſame property, from that of the ſtrongeſt cauſtic ſaltto 
that of the ſaline ſubſtance, whoſe action is ſcarce ſen- 
ſible to the nerves of the ſtomach. This obſervation 
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implies, that all taſtes actually depend on the lame Mae 
cauſe, and participate of the ſame principle. Inquir, 

We cannot adopt an happier method of diſtinguilk- WMyhich 
ing the cauſe of taſle, than to conſider that taſte which Dai. 
is the ſtrongeſt of all, obſerve its phenomena, and at. ite fa 
tend to its action. Cauſticity mult therefore be the After 
ſubject of our conſideration: a property which has Hur or 
always attracted the curioſity of chemiſts. Lemery, ob-. ¶Mpunciſ 
ſerving that very hot bodies were uſually very cauſtic imat ir 


and 
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ich ad that all ſalts poſſeſſing the property of cauſticity 
in. are been ſtrongly heated before acquiring it, aſcribed 
the WW this property to the particles of fire lodged in cauſtic 
e of WW bodies. M. Baume has implicitly adopted Lemery's 
es; Wh opinion. Meyer, an apothecary of Oſnaburgh, made a 
ſeries of reſearches into the nature of cauſtic ſalts, and 
ela. WW formed a very plauſible theory, which was at firſt warm- 
ob. y embraced by a number of chemiſts, but is no longer 
lr WW mentioned with the reſpect which it once obtained. 
cell, WW He attributed cauſticity to a principle which he conſi- 
the WW {ered as a compound of fire and a peculiar acid: this, 
are in imitation of the ancient chemiſts, he named cauſtt- 
iron WW an, or acidum pingue. He traced it through its various 
te + combinations, as Stahl had done with phlogiſton. But 
ame us ſyſtem has the ſame defect with Stahl's; the exiſt- 
nous Fence of his cay/ticum has not been demonſtrated. Dr 
Wes Back, by a ſeries of experiments on the ſame matters 
hele E which Meyer examined, has levelled the ſevereſt blow 
di gen bis theory; proving, by rigid demonſtration, that 
the ume and alkalis, inſtead of deriving their cauſticity from 
ut to Wi: {a acid principle, become acid in conſequence of loſ- 
len. ing a ſalt, to be afterwards mentioned under the name 
tion Wet the Carbonic Acid. 
lame Macquer has undeniably been the moſt ſucceſsful 
Inquirer into the cauſe of £caufticity. The doctrine 
viſh- which he lays down on that article in his Chemical 
ict i baionary is ſo plain, and ſupported by ſuch conclu- 
d at- Nite facts, that we cannot refuſe aſſenting to his opinion. 


the After obſerving that cauſtic bodies deſtroy and corrode 
baer organs, by entering into combination with the 
', 00-Wpcinciples of which they are compoſed, he remarks, 
uſu, that in proportion as this combination takes place, the 
and 3 U 4 cauſtic 
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cauſtic gradually loſes its ſtrength; and that it becomes 
abſolutely deſtitute of cauſticity, when it has diſſalved 
as much of the animal matter as its force and quantity Mother 
are equal to. Thus the lupis cauſticus, or pure fixed er the 
alkali, gnaws and corrodes the {kin when applied to it; M intan 
but loſes its corroſive and ſolvent power when it ceaſe; ine © 
to act on that organ. This ſalt really acts by a chemical Wind in 
power, for it exerts its force even on the inſenſible ſkig 
of a carcaſe; as M. Poulletier has ſhown by accurate 
experiments, and on all animal ſubſtances in general, 
Cauſticity therefore depends on tendency to combina. 
tion; and the ſenſations with which it affects our or. 
gans are occaſioned by the combination of the cauftic 
with the matter of which the organs are compoſed. In 
the ſame manner a cauſtic loſes its virtue in the labo- 
ratory, by combining with any ſubſtance with which it 
has a ſtrong affinity; and in a word, the cauſticity of 
a body is always in the proportion of its tendency to 
combination. That ſalt which has the fainteſt taſte i 
already ſaturated with ſome ſubſtance ; and by ſepar- 
ting it from that ſubſtance, we cauſe it to regain a taſte, 
ſtronger or weaker, according as the ſeparation is more 
or leis complete. The whole hiſtory of ſaline matten 
concurs to ſupport this opinion, as will appear in wht 
follows. 
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8 III. Solubility conſidered as a Charaferiflic of Sali ling b. 
5 reciſely 
SOLUBILITY in water has been given by all chemilg"d tene 


as one of the moſt eminent characteriſtics of ſalts; lations 
this property, like taſte and tendency to combinatiot 


is ſubje& to varieties. Some ſalts poſſeſs it in ſuch 


lution j 
laid, a 


degre 
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F> 
lgree, that without very long and refined proceſſes, 


od WH is impoſſible to ſeparate them entirely from water. 
ty W0thers are not fo extremely ſoluble, and the degrees 
their ſolubility may be preciſely aſcertained ; as, for 


nance, moſt neutral ſalts. Laſtly, there are ſome ſa. 
ine ſubſtances, whoſe tendency to ſolution is ſo faint 
ind indiſtinct, that they ſeem to differ more in nature 
tom the other claſſes of ſalts than from earths and 


moſt naturaliſts conſidered as earths and ſtones. It is 
ndeed extremely difficult to fix the preciſe limits be- 
een theſe two claſſes of mineral bodies; and che- 
niſts have not as yet agreed in determining them. Mr 


an's opinion; who thinks that all ſubſtances are to be 
onfidered as earths, which require more than a thou- 
nd times their own quantity of water to maintain 
hem in a ſtate of ſolution, while all ſuch as are ſoluble 
0a ſmaller proportion of water, ſhould be diſtinguiſh- 


an- ed as ſalts. Were this ' propoſition generally received 
afte, Wmong chemiſts, as I think it well deſerves to be, that 
moreFWliverſity of opinions and terms which has hitherto pre- 


led on this point might be avoided ; and they have 
direct tendency to render the ſcience more obſcure 
od perplexing to beginners. 
The relation which I have taken notice of, as ſub- 
ting between the taſte and the ſolubility of ſalts, is 
reciſely the ſame with that which ſubſiſts between taſte 
nd tendency to combination. The cauſe of theſe 
lations may be eaſily underſtood by obſerving, that 
lution in water is a real chemical union of a ſalt with 
laid, and muſt therefore depend on the ſame laws 
with 


ones; and all ſalts of this character have been by 


Kirwan, in his mineralogy, ſeems to have adopted Berg- 
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with taſte and tendency to combination. In fad, the 
more taſte and ſolvent force a ſalt has, the more readily 
does it diſſolve in water. This law holds invariably 
with regard to all ſaline matters, and even depends og 
their nature and effential properties. | 


$& IV. JIncombuſtibility conſidered as a Charafteriſtic i 
% | "Salts. 


_ is more difficult to form a determinate idea of thi 
fourth than of the three preceding characteriſtics « 
ſaline matters. No chemiſt has as yet conſidered thel 

ſubſtances under this point of view. A number hay 

even thought, that ſome ſalts, and among others ni 
are actually combuſtible. | 

In order to ſee clearly that this is a miſtake, an 
that all mineral ſaline ſubſtances are abſolutely incom 
buſtible, the ſtudent of chemiſtry muſt have a muc| 
fuller knowledge of the properties of thoſe ſubſtance 
than he can have acquired from peruſing the foregou 
part of this work. However, as we think this one 
the molt eſſential and important characteriſtics of (alt 
we ſhall here give a ſhort view of the doctrine whic 
we are induced to advance on this head, and whic 
will be fully illuſtrated and inconvertibly eſtabliſhe 


in our particular examinations of ſaline ſubſtances. WW claſs. 
It appears from M. Lavoiſier's fine experiments, i ible b 
many combuſtible matters form by their combullatheir cc 


e of a 
e ſubſt 
combi 
ed. 


peculiar acids. Combuſtion, as above explained, 
nothing but the combination of the baſe of vital a 
or the oxigenous principle with combuſtible bod 
Every body which has been completely burnt, that 
Wi 
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hel nich has been ſaturated with the oxigenous principle, 
a rns into the claſs of incombuſtibles; or what is 
ha the ſame, its tendency to combine with the oxige- 


sus principle is ſatisſied, and it cannot unite with a 


This being admitted, it plainly follows, that, as a num- 
er of ſalts are reſidues of various combuſtible bodies, 
d even an entire claſs of ſaline ſubſtances are found 
have oxigene for one of their principles, and exhibit 
je characteriſtics of ſubſtances which have been expoſ- 
to combuſtion; theſe cannot be any longer ſuſcepti- 
e of combuſtion. A numerous train of facts, which 


ic 6 


pns : they prove ſalts to be compound bodies, moſt of 
em formed by the union of certain combuſtible bodies 
th the oxigenous principle, From this it-is eaſy to 
(derſtand that incombuſtibility deſerves to be regard- 
[as one of the moſt certain and invariable characteriſ- 
of ſaline matters. We hope that this will be com- 
tely demonſtrated of the claſs of acid ſalts, when 
come to enter particularly into the hiſtory of thoſe 
dltances. 

Yet there is one claſs of ſalts which, though evidently 
mpound bodies, are not known to contain any por- 
n of the oxigenous principle : all the alkalis are of 
s claſs. But theſe are either compounds of incom- 
luble bodies, or if ſome combuſtible matter enter in- 
their compoſition, as we ſhall have occaſion to ob- 
et of ammoniac or volatile alkali, it is united with 
e lubſtance evidently incombuſtible, which hinders 
ou combullibility of the other matter from being ob- 
ed, 

VS. 


ew quantity of oxigene, or abſorb any more of it. 


all be hereafter related, concur to juſtify theſe aſſer- 


Q 


>. 
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tion 
ſo 
bf th; 


pot 
STAHL, after ſtudying the nature of ſalts with mu and 


attention, was perſuaded that they were genen em, 
formed of earth and water. He collected all that H, 
mical reſearches could ſupply to ſupport and illuſtn ittec 
his theory. But ſince that illuſtrious æra of chem er 
ſcience has been ſucceeded by one ſtill more illuſtris 
for both the multiplicity of the reſearches proſecuts 
and the importance of the diſcoveries which theſe hy 
produced; Stahl's theory, which is very perſpicuoul 
explained in the works of Macquer, is no longer ſuffi 
ent to explain the nature and compoſition of ſalts, 
are no longer content with thoſe remote analogies whi 
forced the moſt diſcordant facts into an unnatural u 
on, and bewildered the underſtanding by exhibiting 
it illuſive lights. Philoſophers now chooſe rather 
confeſs their ignorance, than to advance ill.-ſou 


CV. 27 the general Nature and Compofition of Sal 
| Matters. 


princ1} 
er pro 
o owe 
xiſten 
1as nen 
ly t. 
Ire mix 
thy | 


ed theories, which _ looner or later be refuted by Wclong 
periments. nd ma 
Although the chemical nature of falts be not yet ances 
tirely known, and tacts allow us not to agree with . ſaline 
of the moſt eminent philoſophers, in acknowledgingQWiizeno 
ſaline principle as the baſe and element of all be calo 
yet the component principles of this fipgular and Wire reſic 
merous claſs of ſubſtances, are ſomewhat better knofWombuſt 
now than formerly. We know that moſt of them ortions 
rain a very conſiderable quantity of the oxigenou Wis on 
ciple ; which principle is fixed in ſome combullWiung b 
matter. This has fully been ſhown to be the compyiſed by a 


3 ! 
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don of a number of acids; and we have the ſtrongeſt 
ſon from analogy to conclude, that moſt other ſalts 
if that claſs have the ſame character. Water, though 
wot one of the immediate principles of ſalts, is often 
dund united to them, and has a ſtrong affinity with 


ton, which ſome of the moſt eminent chemiſts have ad- 
mitted as a component principle in ſalts, the nature and 
ziſtence of that matter are too uncertain to admit of 
ur adopting any determinate opinion in reſpect to it. 
e caſe is not the ſame with the caloric principle; it 
ems evidently to conſtitute one of their component 
principles; in ſome however, it exiſts in a much {mal- 
xr proportion than in the reſt, which appear in general 


xitence of earth in any conſiderable number of ſalts 
Jas never been experimentally demonſtrated. We know 
ly that all the ſaline bodies which nature exhibits, 
re mixed with a larger or a ſmaller quantity of various 
thy ſubſtances. But theſe, properly ſpeaking, do not 


Ind may be ſaid to be only acceſſories. The only ſub- 
lances at preſent acknowledged as general principles 
f ſaline matters, are ſeveral combuſtible bodies, the 
uigenous principle, a few incombuſtible matters, and 
be caloric principle. It is well known that moſt acids 


ombuſtible matter combined together in various pro- 
ortions, Whatever more has been advanced in trea- 
les on chemiſtry concerning the nature of ſalts, is no- 
ling but inge nious or ridiculous by potheſis, unſuppor- 
comedy any ſolid baſis of facts. 

§ VI. 


dem. As to the matter of fire conſidered as phlogiſ- 


— — —— — — pegs — 2 uy— —„— OR oa en 


p owe to it their fludity, fuſibility, and volatility, The 


long to them; they form no part of their compoſition, 


te reſidues of burnt bodies, and contain oxigene and 


- -— _— 


— 


them in the ſame manner as ſtones, into orders, gen 


= 
to ret” i Abt 4 >a adit | 


— 


318 | Saline Subſtances. 


§ VI. Of the Diviſion and Arrangement of Mineral 
Saline Matters. 


li 


Tux falts belonging to the mineral kingdom are ye 
numerous. A number of them are products of nature 
formed by the action of fire, water, and air, and þ 
the diſſolution of organic matters. But moſt of thoſs 
which are employed in chemiſtry owe their formatia 
to art, or at leaſt have not hitherto been found among 
the products of nature. In order to give a methodica 
view of the hiſtory of theſe ſubſtances, we ſhall divid 


ra, and ſpecies. All ſaline matters may be arrange 


under two orders, | 
The firſt contains thoſe ſaline ſubſtances which han 
been named /imple, and which we ſhall diſtinguiſh b 


ame of 
ſts, 
joſt of 


the name primary. ſalts, becauſe they ſerve as prind 
ples to thoſe of the ſecond order, (impl 
The ſecond conſiſts of the ſecondary, compound, , © 
neutral ſalts. Theſe are formed by the combination of ſecot 
two or more of the former order, and are of conſequend joſt ſuit 
much leſs ſimple than they. y comt 
Each of theſe orders ſhall be divided into ſeveral oxi call 
nera, and theſe again into ſpecies, ee get 
Nine genera, and eighty-ſix ſpecies of ſimple ag” 1 
compound ſalts together, are at preſent known to eiii ter; 
in the mineral kingdom; and theſe we ſhall ſucceſſin kalis 
ly examine *, : 
* There are three ſalino- terrene ſubſtances, three alkalis, and ten m 
neral acids, "Theſe laſt, united with. aluminous earth, with the th =p 
ſalino-terrene baſes, and with the three alkalis, compoſe 70 comp® Ir f 


or neutral ſalts.— F. 


CHA! 


CHAP. II. 


5. 


Of the three Salino.Terrene Subſtances *. 


OnDer I. SiMPLE or PRIMARY SALTS. 


E give the name of fimple or primary ſalts to thoſe 
matters which were formerly known by the 
ame of /imple ſalts, and are ſtill ſo called by ſome che- 


oft of them are really compounds, therefore the title 
(impleſalts cannot with any propriety be applied to 
hem, except when they are compared with the ſalts of 
te ſecond order. The name of primary ſalt, ſeems the 
oft ſuitable for diſtinguiſhing them, becauſe they form 
combination thoſe neutral or compound ſalts. which 
e call ſecondary, We ſhall divide this order into 
Iree genera, ſalino-terrene ſubſtances, alkalis, and a- 
6. The examination of the firſt will occupy this 


le and 
\ en tet; in the two following we ſhall give the hiſtory 
effi kalis and acids. 


3 | Genus 


® The title of this chapter is the general denomination of the firſt 
ws of the firſt order of ſimple or primary faline matters. F. 


2 
— 


— — 2 


ſts, As it has been ſhown, by fair experiments, that 


— 


a — — — ?’ ‚— 
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8 


320 Salino-Terrene Subſtances. 


Genus I, Salino-Terrene Subſtancer. 


* 


By this name we denote three ſubſtances which haw 1 
been hitherto regarded as earthy matters, but who ie 
properties platnly ſhow them to be more properly f 0 
line *, As theſe ſubſtances poſſeſs the diſtinguiſbia Mr 
properties of ſalts, in conjunction with the character De. 
tics of earthy matters, yet, diſplaying the latter in * 
leſs eminent degree; we therefore rank them befahl 
the ſalts, uſing them as a link of connection betuen t u 
ſalts and earths: They differ alſo from earths as havin" 
a ſtronger tendency than theſe to combination, as baff 

appear from an examination of their properties. vith 

It is proper to obſerve, that in our examination theſe 

_ theſe ſalino-terrepe matters, as well as in our accou Nope. 
of the primary ſalts, we ſuppoſe them pure and ſoliu ure 
though they be never found ſo in nature; and ve a late 
mentioning the methods by which they are obtainef . <2! 
from a defire not to break through that elementary moſt e 
der which we have determined to follow through f lubſtar 
Tourſe of the work. When we come, in the hiſtory Lich. 
neutial ſalts, to give an account of their decompoſit Pure 
we ſhall then have occafion to deſcribe the methods erward 
which chemiſtry ſeparates thofe ſubſtances, as well ery fin 
the ſimple or primary ſalts, ſo as to afford the be tony 
pure. 5 It is 

This firſt genus contains three ſpecies of ſalino-tt o alter 
rene bodies. The 

Spe r fuſio 
cares 
Mlumes 


* We have already given ſome. account of them in litholog); 


then only as making a part of natural hiſtory.— F. Vor. 
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Species I. Barytes. 


Tas firſt name of this ſubſtance was ponderous earth» 
zien it by the Swediſh chemiſts Gahn and Scheele, 
who diſcovered it in ponderous ſpar: Bergman and 
Mr Kirwan have already given it the Latin name ba- 
rites. Its ſpecific gravity, according to Mr Kirwan, is 
ſomething more than 4,000. Nature no where affords 
this earth in a pure but always in a combined ſtate. 
It was firſt diſcovered and diflinguiſhed as a peculiar 
earth by the chemiſts above-mentioned, Meſſrs Mar- 
graff and Monnet had obſerved it, but confounded it 
jith abſorbent or caſcareous earth. Yet the laſt of 


properties, and ſuſpected it to be an earth different in its 
nature from lime. Its properties, in a pure ſolitary 
fate have not as yet been very accurately examined; 
its combinations have been more ſtudied; and what 
molt eminently diſtinguiſhes it from other analogous 
lubſtances, is, its very fingular affinities, and the falts 
wich it forms by combination with acids. 

Pure barytes, obtained by means which ſhall be af- 
terwards deſcribed, appears under a pulverulent form, 
ery fine and white, I have never found it to affect 
te tongue with any diſcernible taſte. 

It is not yet known whether this ſubſtance be liable 
0 alteration from light. . 

The ordinary fire of our furnaces does not reduce it 
0 tulion: But if heated in a clay crucible, it commu- 
cates a blue or greeniſh colour to the crucible, and 
Uumes itſelf a flight tinge of the ſame. This pheno- 
Vor. I, X menon 


theſe chemiſts had obſerved it to poſſeſs ſome peculiar  - 
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menon ſeems to ariſe from its power of re · action on clay, 
M. D' Arcet ſays that it melts when expoſed to a very 
violent heat in a clay or iron crucible &. 


in thi 
filled 


* Bat 
When expoſed to the air, it acquires an acceſſion of « th 
weight, and, combines, though very flowly, with the Vet i 
carbonic acid contained in the, atmoſphere : the effedy \ blo 
of vital air upon it are unknown. We are equally ig. the 
norant of the manner in which the oxigenous and the Wl c 1. 
azotic principles, act upon this ſaline earth. Azote is ably 
perhaps one of its conftituent principles. I, it 
Its diſfolyes in water, but not without difficulty ; for Mute 
990 parts of that fluid are requiſite to diſſolve one of . Eng 
barytes. Water thus ſaturated gives a pale green co. lite 
lour to the tincture of violets 4, and ſtill more readily war 
to that of mallows or raddiſhes. This ſolution, when Wh * 
expoſed to the air, is covered with a thin pellicle; and ompo 
if. it be {tripped of this, a new one is produced. This ich 
phenomenon 1s owing to the carbonic acid in the atmo- Med 
ſphere: the ſame thing happens to lime- water, though Wk aſpect 
in a leſs eminent degree. The ſolution, when evapo- nn 
rated in cloſe veilels, leaves a reſidue of barytes; and the Maine 
weight of the reſidue affords a proof of the ſolubility eds 
that ſubſtance, It is almoſt unneceſſary to obſerve, that WM... 
in 
* This is confirmed by the experiments of M. Lavoiſier, who fuel i We 
harytes in a few ſeconds, with a flame fed with oxigenous gas. Bu": recip 
this barytes appears to have been in ſome degree impure, —H. v0 bodi 
+ By tincture of violets, we mean a ſolution of the colouring part d the bif 
of violet flowers in water. This tincture when newly made is prefers A ectec 
ble to the ſyrup of violets, as being much ealier affected. But the . e, by 
rup may be employed in all inftances in which the ſaline matters under: N theſe 
examination act with a determinate energy; and we ſhall therefore dura! f 
ten mention it inſtead of the tincture.— F. lceptib! 


umcate 
wch We 
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. . dis, as in all other proceſſes of the ſame naturt, di- 
ty aued water is to be ufed. 

Barytes acts but very feebly, either in the humid 
of , the dry way, on filiceous and aluminous earth “. 
the Yet it facilitates the fuſion of thoſe earths, and aſſumes ' 
. blue or greeniſh colour when heated with the latter 
ig- of them. Bary tes is leſs copious in nature than either 
the e the other two ſalino-terrene ſubſtances ; but it is pro- 
e 1s hably more copious than it is thought to be. Former- 

ly, it was not known to exiſt in any body but barytic 
tor Nalfate or ponderous ſpar ; it was ſome time fince found 
e of Wh: England, combined with the carbonic acid, and cry- 
c- allied like a tranſparent ſpar. That ſalt will be af- 
wards deſcribed. Some modern chemiſts think it to 
be a metallic calx or oxide, Its weight, that of the 
ompounds into which it enters, and the precipitate 


Tha rich it affords, when a ſolution of it with an acid is 
mo- Mixed with an alkaline pruſſiates, made Bergman long. 
ugh Wet it to be of this nature. We are told, that M: 


ahn, a pupil of that celebrated chemiſt, has actually 
tained barytes under a metallic form; but this fact 
eeds confirmation. Its nature therefore is {till un- 
own; becauſe we have never yet been able to ſepa. 
X 2 rate 


* We muſt here obſerve, that in order to give a regular account of 
e reciprocal action of bodles on each other, no combination of any 
vo bodies is mentioned till after thoſe two have been deſcribed. Thus 
the hiſtory of barytes, I have mentioned only the manner in which it 
affected by light, by the caloric, the oxigenous, and the azotic prin- 
ples, by water, and by filiceous and aluminous earth, becauſe none 
it theſe have as yet been deſcribed. As we advance in the hiſtory of 
tural ſubſlances, we ſhall learn all the combinations of which it is 
ſceptible. Thus we ſhall both preſerve our order inviolate, and com- 
n.cate all the neceſſary infermation concerning the matters of 

lieh we traat.— F. | | 
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rate its principles, or imitate its compoſition, I ſuſpeq. 
as I have already hinted, that the azotic' principle, ot 
the baſe of gas azote, is one of its component parts, 
Pure barytes is not applied to any uſe; ſolutions of i 
in water and in acids are uſed as re-agents, as we ſhall 
elſewhere have occafion to obſerve. 


Species II. Magnefa. 


Tnar magneſia which is obtained from Epſom falt 
or ſulfate of magneſia, and which is likewiſe foundin 
mother water of nitre, and in a great many ſtones, &, 
is no where in nature to be met with in a ſtate of pun 
ty, but always combined with acids. Dr Black is tt 


firſt chemiſt who has accurately determined the diſtin 10 
tion between it and lime. 8 
This ſubſtance, which is obtained by methods to by 28 
afterwards deſcribed, appears under the form of a ven — 
fine white powder, reſembling meal both in appearance * 
and to the touch. Its gravity, according to Kirwan, Feal 
about 2.33. It has no taſte ſenſible to the tongue; bu 
it affects the ſtomach as a gentle purgative. It commu / M 
nicates a pale green to the tincture of violets and mil . : 
lows, and cauſes turnſol to aſſume a blue colour. Th E 
manner in which light affects magneſia is not we E 
known : it cannot be very powerfully. 1 
According to the experiments of M. D'Axcet, tli I 
ſubſtance does not melt when expoſed to a ſtrong heat "Wh 
Macquer too obſerved, that it remained unaltered! caleir 
the focus of the burning lens of the garden De I Infant fbf 
ubſta 
M. Morveau heated magneſia for two hours in d nie 


{trongeſt fire that can be procured in Macquer's 
Cher nad 
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nace, with the ſame effect. M. Butini, a citizen of 
Geneva, who has publiſhed ſome valuable experiments 
on magneſia, has obſerved, that violent ignition con- 
nacts and condenſes magneſia in ſuch a manner as to 
render it capable of attacking and coroding an iron 
ſurface, We are informed that a ſmall cube formed of 
zpaſte of magneſia and water, and expoſed to the focus 
of Parker's lens, was ſuddenly contracted in all its di- 
menſions. This property ſeems to indicate a relation 
between magneſia and aluminous earth; which two 
ſubſtances are often found together in nature, as was ob. 
ſerved in the hiſtory of ſteatites, aſbeſtos, and ſerpen- 
tines, &c. 

Magneſia, though heated in a retort, loſes not the 
portion of water which it contains: but when ſubjected 
to this proceſs, it acquires a very diſcernible phoſphoric 
quality, as has been obſerved by M. Tingry, apotheca- 
ry at Geneva, It ſuffers no alteration from air, till af- 
ter being long expoſed to it, M. Butini kept ten grains 
ofcalcined magneſia in a porcelain ſaucer covered with 
paper, in a dry room, for near two years; the only 
change which it ſuffered was by gaining one- eighth of 
a grain of additional weight, It appears that this ſub- 
ſtance combines ſlowly with the carbonic acid diffuſed 
through the atmoſphere, 

It diſſolves in water but imperfectly and with great 
Giſiculty, Four ounces and two drams of pure water, 
after ſtanding three months in a bottle, with a dram of 
calcined magneſia, and being boiled together with that 
ſubſtance, afforded M. Butini, by evaporation, a reſidue 
Wiich he eſtimated at one-fourth of of a grain. 

X 3 Mr 
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Mr Kirwan ſays, that 7900 times its own weight of 
water is neceſſary to diſſolve it in the ordinary tempe. 
rature of the atmoſphere; that is to ſay, at about 600 
of Fahrenheit's thermometer. Notwithſtanding thi 
averſion to ſolution, magneſia forms a kind of paſte 
with water; that paſte indeed is not ductile, but brit. 
tle; and the water is readily ſeparated from it by the 
action of fire, or even of the dry atmoſphere. A ſolu. 
tion of magneſia has no ſenſible taſte ; and it produces 
but a very trifling alteration on the colour of ſyrup of 
violets. 

We are not yet well acquainted with the manner in 
which magneſia acts on pure earths. We know, how 
ever, that it does not vitrify with either ſiliceous or alu. 
minous earth ſeparately; but when heated with both 
together, it is ſuſceptible of fuſion. | 

Its ation on barytes has not yet been examined. 

The intimate nature of magneſia is not better known 
than that of barytes, It has never been ſhown by er. 
periment to be a modification of ſome other ſaline ſub 
ſtance, as ſome chemiſts have imagined it to be; far 
magneſia has not yet been either ſeparated into pris. 
ciples, by analyſis, or imitated by a ſynthetic procels 
In the preſent ſtate of chemiſtry, therefore, it is to be 
conſidered as a ſimple ſubſtance. 

Pure magneſia, which Dr Black calls cauſtic, is uſed 
in medicine as an abſorbent and purgative. For heart: 
burnings and other complaints occaſioned by acidity, i 
is preferable to common magneſia: becauſe the carbo- 
nic acid which this laſt contains is diſengaged in tie 
primary paſſages by the acids, and produces flatulen- 
cies, with all that train of complaints which accom- 


pan 


*W 
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pany them : it preſerves fleſh for a long time, and even 


£3 reſtores putrefied bile. Bergman aſeribes to it like- 
660 WM viſe the property of rendering camphor, opium, refins, 
thi nd gum: reſins. ſoluble in water, and of forming ſome 
paſte nluable dyes; though cauſtic magneſia be ſcare ſo- 
dri. [ble in water. Theſe preparations are unknown in 
tel France “. 
ſolu. 
duces Species III. Lime, 
1p of | 

QuickL1mE is a white ſubſtance, of more confiſtency 
er in WJ than the two preceding matters: it appears in the form 
hoy of a grey white ſtone. Its taſte is hot, acrid, and u- 
r als WJ rioous ; it poſſeſſes this property in ſo conſiderable a 


degree as to inflame the ſKin when applied to it. Its 
ſpecific gravity is about 2.3; its form pulverulent and 
frable; it is found in places adjacent to volcanoes ; 
3 M. Monnet has obſerved on the hills of Auvergne. 
Lime turns ſyrup of violets green, giving it a much 
more intenſe colour than it acquires from either ba- 
rytes or magneſia: indeed, it almoſt deſtroys the ori- 
pinal colour, and in a ſhert time produces in its ſtead a 
arty yellow. ; | 
Lime, when expoſed to a ſtrong fire, ſuch as that of a 
plaſs-houſe, remains unaltered; and, in a ſolitary ſtate, 
is not ſuſceptible of fuſion. Parker's burning-glaſs 
appears to have brought it to the beginning of fulion ; 


heart- 

ity, it but the lime was placed on a ſupport of charcoal. 
_ Vhen heated in a clay crucible, its edges ſometimes ap- 
in the X 4 pear 


* We learn from Mongez, that borate of ſoda, and phoſphate of 
tine diſſolve magneſia with effet veſcence.— H. 
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pear to melt ; but this phenomenon is occaſioned hy j pen 
acting on the earth of the crucible. bl 
When expoſed to the action of the air, lime ſwehi ter 
breaks, and falls into powder; it then increaſes grea\M4,id 
in bulk, and is called lime /aked in the air. Thel pear] 
phenomena are more remarkable, and take place moi neſe 
rapidly when the air is in a humid ſtate. This dry au Hay, 
ing produces heat; and the dilatation is ſo conſidet ke. 
able as to burſt caſks, or other wooden veſſels in wh datei 
lime may be contained. After being flaked with Mrd 
this ſubſtance appears under the form of a very finyhict 
white duſt ; it has acquired a very conſiderable increaMpounc 
of weight, and its taſte is become much fainter. Thees o 
phenomena are occaſioned chiefly by the water ch en; 
tained in the atmoſphere, and the force with which but la 
lime tends to unite with it. And by heating lime whidirater 
has been ſlaked with air in a retort, till it becomes Hen « 
hot, water is obtained, and the lime returns to its oi Neat i 
nal ſtate. EOS ery d 
Water acts very powerfully on quicklime. Pour Whuanti 
ſmall quantity of that fluid on a quantity of lime, ng ſo 
water is inſtantly abſorbed ; and the maſs of lime Mette ſ 
pears as dry as before; but it ſoon burſts and break liquc 
into pieces. The heat excited in it by this opera bout 
is ſo ſtrong, as to produce a remarkable hiſſing noi aint 
the water is reduced to vapour of a peculiar ſm Thi, 
which communicates a green colour to paper ting rater, 
with mallows. The lime ſoon falls down to a powdetWhan c 
and the heat, motion, and ſmoke, gradually diſappe hunic⸗ 
If the proceſs be performed at night, in a place perf: du 
dark, a great many luminous points are obſervable Water, 
over the ſurface of the lime, All theſe phenomena ¶ ure w 


pet 
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Sch it has been ſlaked, the circumſtance of the ſand 
ing mixed with it at the inſtant of its flaking, or not 
11 ſome time afterwards; and from the ſize, the 
undneſs, the inequality, the moiſture, or dryneſs of 
je ſand K. Mortar is alſo compoſed with clay baked 
vr bricks, and with puzzolana, which is nothing but 
ky baked by volcanic fire, and altered by the contact 
f the air. 

Though lime, as well as filiceous earth, be abſolutely 
fuſible by itſelf; yet if theſe two ſubſtances be heat- 
{ together, the former in a greater proportion than 
te latter, they are ſuſceptible of fuſion, as has been 
blerved by Meſſrs d' Arcet and Gerhard, Lime like- 
ſe melts with a quantity of aluminous earth equal to 
e-third of its own weight; and Mr Kirwan ſhows, 
at it has a greater affinity with this than with filice- 
zearth, A mixture of all the three ſubſtances melts 
fer and more completely than a mixture of lime 
ith any one of the other two. Thus one part of lime 
d one of alumine will occafion the fuſion of two parts, 
even of two and an half of filice. From this fact we 
derſtand why ſo many ſtones, apparently hard, ſcin- 
ating, and quartzoſe, melt notwithſtanding, when 
poſed to a ſtrong fire. The combination, or even the 
xture of calcareous earth and clay, with filiceous 
b, occaſions this phenomenon. 

It is not yet known in what manner lime acts on ba- 
es, 


One part of calcareous earth produces the fuſion of one 
half 
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See Recherches par M. de la Faye, ſur la preparation que les 
aing donnoient 2 la chaux, Paris 1777-8, premiere et ſeconde par- 
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half part of magneſia. The glaſs formed by this mix 4 
ture, in fire completely diſſolves and reduces to fuſion WF” * 
quantity of ſiliceous earth equal to the quantity af t 
lime. Accordingly, equal parts of magneſia, lime, a 
filice, when expoſed to fire together, afford a pere 
glaſs. | 

The intimate nature of lime is unknown, The fr 
chemiſts who attempted to explain by phyſical reaſq 
ings the phenomena which lime difplays in its com 
nations, and eſpecially when flaked, aſcribed them 
the fixation of particles of fire in the calcareous ſta 
during its calcination, Such was Lemery's theo 
Meyer was of opinion that pure fire was not ſuſcepti 
of ſuch a combination, and that there was a pecul 
acid which combined with it in the lime. This ſub 
kind of ſulphur was the acidum pingue, or cauſticun 
that chemiſt. But this doctrine, which has ſince bet 
repeatedly offered to the world under different nam 
is overthrown by a ſeries of experiments clearly ( 
monſtrating its falſity. Many modern chemiſts th 
that the matter of heat is combined in lime; and tl 
by its diſengagement during the flaking of this lu 
Nance, the light obſerved by Meyer and M. Pelle 
the ebullition and the evaporation of the water, as 
as the peculiar fetid odour exhaled on the occaſion, 
produced. It appears, however, from what has bt 
ſaid, that the principles and compoſition of lime 
ſtill unknown. Some very diſtinguiſhed natum 
have thought it to be in all probability a certain 
paration of filiceous or aluminous earth effected by! 
organs of animals; but this is by no means certain. 
is ſurely, however, formed by marine animals; its 
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went parts are certainly uni _n 
ter during the life of „eme ee, ee 
certainly one of its conſtituent parts : a — N 
ſufficient to determine the opinion of mp all this is 
bs who require accurate and repeated ex oth ava 
* is made uſe of in many of the a 1a 2 

wlly in building. In medicine, lime- wat : 70 eſpe - 
y preſcribed in ulcerous caſes, &. It L . 
bought a powerful lithontriptic. But long ex f 2 
a ſhown, that it does not always Le 2 
pected from it ; and that where the uſe of i cures 
jg continued, it produces on the animal f 8 0 is too 
ation approaching to ſeurvy or ſepticity * uids an al- 
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4 Mr "WAR ſa n 

78, that In hot water I; 1 
5 , m * 
4 F ee renn of 600 Mn cer * 
te heat of bose 24 - —_ are capable of abſorbing a. woißer 
ee : Y renheit, 228 parts of wate retaining, 
pecific gravity of lime to be 2,720.—H r. Bergman makes 


CHAP. III. 


Genus II. Alkali Salts. 


ANTI come to be treated of before acids, he 

cauſe they appear to be more ſimple and leſs dt 
compoſable, and becauſe they reſemble in ſome proper 
ties the ſalino-terrene ſubſtances, They have an urinoy 
acrid cauſtic taſte: they turn ſyrup of violets greet 


excite heat in uniting with water, abſorb both the 
moiſture and the carbonic acid of the atmoſphere, kit 
diſſolve earths by the force of their tendency to ches 
bination *. Three ſpecies of alkalis are known ; potuſ e , 
or vegetable fixed alkali ; ſoda, or mineral fixed alu the 
and ammoniac, or volatile altali. ich 
Whe 

Species I, Potaſh. tur 

: paſſe 

Ts ſpecies, which we denominate pora/b, has bei -. 
called vegetable, fixed alkali ; becauſe, though oli Kequ 
met with in minerals, it is found in greateft abundan hec 
in vegetables. It has likewiſe been named alkai 20 
tartar, becauſe a conſiderable quantity of it may beq . = 


tained from this ſaline ſubſtance ; which will afterws 
come under our examiuation, Dr Black was the 
who diſcovered potaſh in a ſtate of purity. Forme 
this ſalt was called cauſtic fixed alkali, to diſtinguill 
from common fixed alkali. 
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* To theſe qualities may be added, the property of renderiny 
miſcible with water, — II. 
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This ſalt, in a ſtate of conſiderable purity, is white 
1 of a dry ſolid form: its ſapidity is ſo ſtrong, that 
iiſylves the texture of the ſkin, It communicates 
zzotancouſly to the ſyrup of violets a deep green co- 
ur, much more obſervable than that which lime cau- 
theſame ſyrup to aſſume. It alters, and almoſt entire- 
deſtroys this colour, changing it to a brown yellow. 
We know not in what manner light affects this 
. 


ds, be 
leſs de 
properly Potaſh, when expoſed to the action of fire in cloſe 
urino cls, is inſtantly ſoftened, and by the time when it 
; greenW&rcins to appear red, becomes entirely liquid. If it 
th then poured on a ſmooth hard ſurface, it cools into 
re, afMytice, opaque, brittle maſs. It is not decompoſable 
to co heat. A moſt intenſe heat, ſuch as that of the fur. 
; potallWice of a glaſs-houſe, is requiſite to volatilize it. In 
alta theſe operations it diſſolves part of the clay veſſels in 
ich it is contained, | 

When expoſed to the open atmoſphere, it attracts 
ture ſtrongly, diſſolves into a liquid, and gradual- 
paſſes into the ſtate of a neutral ſalt, by abſorbing 
acid diffuſed through the atmoſphere, By this means, 
acquires on ſuch occaſions an increaſe of weight, 
becomes capable of efferveſcing with acids; which 
er takes place whewit is in that ſtate of purity in 
ch we have ſuppoſed it. To preſerve it pure, there- 


e, it maſt be kept in cloſe veſſels entirely full 
i. 
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1 Potaſh diſſolves very readily in water; it then excites 
tingul 


onliderable degree of heat, and exhales a fetid lix- 
us odour, The ſolution is colourleſs ; and when 
pure, affords no precipitate, To ſeparate it from 
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the ſolvent, the ſolution muſt be evaporated to dry 
neſs in cloſe veſſels. If this operation be performed i 
open veſſels, the acid of the atmoſphere is attrade; 
and renders the pot-aſh efferveſcent. And this abſo 
tion takes place fo readily ; that if a ſolution of th 
ſalt be expoſed to the open air for ever ſo ſhort a ſpa 
of time, it ſuffers an alteration, and is in fact neut 
lized. In a flaſk which it does not entirely fill, an 
which is frequently opened, it is liable to the ſame alte 
ration. The action of oxigene and azote on this alla 
is not known. h 

Potaſh combines with filice in the dry way, at 
cauſes it to melt together with itſelf : the two compel 
a tranſparent body, known by the name of gl 
This body is liable to varieties from the various prof... 
portions in which the filiceous ſand and the fixed alli... 
li are united in it. Two parts of the ſalt with one ff. t. 
earth afford a ſoft brittle glaſs, which attracts moiſture lf 
and becomes ar length opaque and fluid. This glal a . 
ſoluble in water, on account of its containing ſo mui. 1; . 
more than an equal proportion of alkali, The ſolui n t. 


eous 


is called liquor of flints. It at length depoſites parti, t. 


the earth which it contains, in white ſemi- tranſpaeihamu 
flakes, apparently muctlaginous, and fo light that the der 
ſubſide but very ſlowly. Acids ſeize the alkali, Wy; 1, 

precipitate the earth, which is called earth of fu p,.. 


But to make this proceſs ſucceed, care muſt be tak - 


that the liquor of flints be not too much diluted by Mibits 
water. In that caſe, the particles of the earth bang 
too much divided, remain ſuſpended in the liquor, % Tuis 
evaporation is requiſite to produce the precipita; ba 
Several chemiſts are of opinion, that earth of flints s u 
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dot the ame with filiceous earth; on which they think 
the alkali has produced an entire alteration. They 
ink it to be more like aluminous earth, and believe 


that by combination with acids, it affords the ſame - 


ales which are obtained by combining acids with alu- 
ninous earth, Such was the opinion of Pott and · M. 
Mumé. But Scheele has ſhown, that that portion of 
the earth precipitated from liquor of flints, which is ſo- 
vble in acids, is part of the aluminous earth of the veſ- 
in which the operation is performed, diſſolved by 
he mixture of alkali and filiceous earth. 

The art of making glaſs is entirely chemical, as glaſs 
nothing but a combination of fixed alkali with ſili- 
ous earth, The purity, the proportion, and the com- 
lete fuſion of theſe two ſubſtances by a fire ſufficiently 
tenſe, and kept up for a proper length of time, are 
he three conditions requiſite for the preparation of 
laſs, of a proper tranſparency, of ſufficient hardneſs, 
nd liable to no alteration from the attacks of air. We 
all afterwards learn what other ſubſtances are mixed 
th theſe two in this compoſition, in order to ren- 
r the glals more weighty and tranſparent, and to 
mmunicate to it ſeveral other properties which 
nder it fitter for the purpoles to which it is ap- 
ed, 

Potaſh acts not with the ſame force on aluminous 
on ſiliceous earth: but the, phenomena which it 
hibits, when applied to alumine, are not yet well 
own, 


This falt appears to be ſuſceptible of combination 


th barytes, magneſia, and lime. But its combina- 


ns with theſe ſubſtances have not yep been ſo accu- 
Vol. I. Y | rately 
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rately examined as to admit of our giving a particylyy 
account of them here. 

Although potaſh has never yet been decompoſed; 
yet a number of facts with which the reader ſhall he 
hereafter made acquainted, concur to ſhow that it i 


not. a ſimple ſubſtance. Stahl, who confidered fimple h 
N ola 

ſalts as a combination of earth and water, thought th 
p ca 
fixed alkali differed from the acids only by containing N 


| a greater proportion of earth : and in this manner he 
| | accounted for its dryneſs, &c. Potaſh, in all probah 


— 


lity is a combination of ſome one of the three preceding 
| earths with azote. Some analogies lead me to thin 
: 1 1 that it contains lime. But this conjecture 1s not yet ſup 
4 ported by a ſufficient number of facts. 

| Potaſh is uſed in ſurgery to corrode the ſkin, and p 
duce inflammation and ſuppuration in certain caſes *, 


Species II. Soda. 


T 1s ſaline ſubſtance, which exhibits the ſame gene 


| | ww 0 
1 ral characteriſtics with the foregoing, has received Th 

4 | / name of mineral fixed alkali : It is found in abundan Go 
| : k èombined with a peculiar acid ſalt in ſea-water, and y or 


5 ſome ſpring- waters: ſometimes too it is met with in 

getables, but much ſeldomer than potaſh. Vi 

{alt has been called marine alkali, from its making 

: part of marine ſalt ; and altali. or ſalt of ſoda, beci 

| it is oſteneſt obtained from this ſubſtauce. We pr 

A | the {imple name of da. 
| 


®* Potaſh is extracted by /ixiviation and ſubſequent concentration," 
the aſhes of wood, ferns, and other vegetables That which ves 
ally meet with in commerce, is manufactured chiefly in North As 
ca, or in the northern countries of the continent of Europe. Hove 
his potaſh is not pure, but always more or leſs contaminated anc 


tralized, —H. 
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ular The taſte of ſoda is equally ſtrong and cauſtic with 
at of potaſh. It turns the ſyrup of violets green, and 
doduces the ſame alteration as potaſh on this colour: 
zppears naturally in a dry and ſolid form. It melts 
i fire as it begins to become red-hot : a violent heat 
datilizes-it : it acts on almoſt all the veſſels in which 
t can be expoſed to heat. 

When expoſed to atmoſpheric air, it attracts its moiſ- 
re, and the peculiar acid which it contains: ſo as to 
come gradually a neutral ſalt. The manner in which 
; affected by oxigene and vital air is not yet known. 
It diſſolves in water with heat, and the diſengagement 
a fetid lixivious odour. It cannot be obtained pure 
ſter this ſolution but by evaporation in cloſe veſſels. 
e lixiviate, when expoſed to the air, readily abſorbs - 
acid, and becomes neutral. Therefore, to preſerve 
pure, it muſt be kept in cloſe veſſels. 

Soda readily combines with ſiliceous earth in the dry 
xy, ſo as to compole glaſs. Glaſs-makers have even 
llerved it to be more fuſible, and to adhere more rea- 
ly and firmly with this earth than potaſh ; to which 
y on this account prefer it. And therefore what 
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th in aid above concerning the uſe of potaſh in glaſs- 
. 5 king, may be applied to ſoda. Laſtly, this alkali, as 
making 


las potaſh, combines with acids and many other bo- 
„ as we ſhall afterwards underſtand. 
Alter this account of the properties of ſoda, we muſt 
ſetye, that there is no very remarkable difference be- 
ten potaſh and ſoda when both are 1n a ſtate of purt- 
It is only in their combinations that the difference 
RY ther natures can be diſtinguiſhed, When combin- 
ate and 1 2 ed 
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ed with the ſame acid, they afford neutral ſalts total 
different from each other; and this is the more ſuryrj 
ing becauſe it is impoſlible to diſtinguiſh the one frg 
the other when they are in a pure cauſtic (tate, 
we have here examined them. Bergman adds anoths 
diſtinctive property of theſe falts which is well wart 
knowing; they have not the ſame affinity with act 
Potaſh has a ſtronger affinity with theſe ſaline ſabſtanc 
than ſoda : and is capable to decompoſe neutral (al 
conſiſting of combinations of the latter. We ſhallt 

farther notice of this when we come to examine ſec 
dary or neutral ſalts. 
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The compoſition or intimate nature of ſoda is equi und 
unknown as that of potaſh. The ſame analyſis E ves 
me to think that ſoda, as well as potaſh, is a combi a1] 
tion of an earth with azote ; and that it is the differ Me aft; 
of the earthy bafe which forms the charagteriſtic ii Tha 

' rence between the two ſalts. Magneſia is poſlibly ame | 
baſe of ſoda, as I have for ſome years hinted in ey 
lectures, and M. Lorgna has fince attempted {ct pu 
prove. But the facts on which this opinion is ate 
ed, are not ſufficiently exact and numerous to ion of 

| | * tify our conſidering it as a certain truth. As fon 

= / uſes, it is employed in making glaſs, in preparing lis, gr: 
| &c. *. rm fl. 
moni. 
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The aſhes of ſea- plants, which are annually burnt to fuß 
round the coaſts of Scotland and its contiguous iflets ; and ar 
under the name of #e/p, are valuable only for the ſoda which they 
tain, Soda is likewiſe produced, ſeparately, by nature, in tuel 
in Egypt- It is there Known by the name of aatron—H. 
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Species III. Ammoniac. 


Wnar we call ammoniac is a ſalt commonly known 
the name of volatile alkali. It is diſtinguiſhed from 
je two foregoing ſalts by a keen ſuffocating ſmell and 
remarkable volatility. This falt, like the fixed al- 
als, was not known in a ſtate of purity before the 
pzenious experiments of Black and Prieſtley, A cer- 
in imperfe& neutral ſalt was miſtaken for it, which 
ſolid and cryſtalliſed, and poſſeſſes indeed ſome of 
te properties of volatile alkali, but is really a com- 
ound of two ſaline ſubſtances. The property of ef- 
reſcing with acids, which has been aſcribed to vola- 
le alkali, belongs only to that neutral ſalt, which will 
e afterwards deſcribed, 

That which is known in the laboratory under the 
ame of cauſtic, or fluor volatile alkali, and in phar- 
hacy by the name of volatile ſpirit of ſal ammoniac, is 
ot pure ammoniac ; it is only a ſolution of ammoniac 
water. Dr Prieſtley has ſhown, that by the opera- 
jon of a gentle heat, a permanent gas may be extract- 
d from it; and that the water, when deprived of this 
s, gradually loſes its alkaline properties. This aEct- 
rm fluid is ammoniac, and is known by the name of 
nonac gas, This is the body whole properties we 
ult examine, if we wiſh to know thole of genuine 
atile alkali ; as Macquer has very properly obſerved. 
To obtain this elaſtic fluid, put into a ſmall retort or 
glaſs matraſs a certain quantity of liquid ammoniac. 


apt to the retort, or the matraſs, a curved tube or 


phon; the extremity of which is to be immerſed 
b 4 into 
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into a pneumato.- chemical machine filled with mg 
cury; ſo that it may be received under an invertel 
glaſs filled with the ſame metallic fluid. Heat the by 
tom of the retort or matras with burning charcoal 
the flame of ſpirit of wine, Suffer the firſt part of the 
elaſtic fluid, which is moſtly common air from the ye 
ſel and the tube, to eſcape ; and as ſoon as the ebulilfi 


tion becomes ſtrong, collect the gas in the inverts A 
glaſs. The diſtillation muſt not be carried fo far az (i heat 
evaporate the water; or at leaſt the tube which ii com 
uſed ſhould in the middle ſwell into a bowl that ml The 
be kept cool, fo as to condenſe the vapour: the erat 
moniac gas. will then be obtained very dry and pure. * 

The gas thus obtained reſembles air, and has Hor ic 
ſame tranſparency and elaſticity, It is rather light trar 
however; its ſmell is more penetrating ; and its taſte i ter 
acrid and cauſtic. It inſtantly converts the blue oi ſubſ 
lour of violets, mallows, and radiſhes, into a de tile 
green, but does not alter it, as the pure fixed alkalisvy moſ 
It kills animals, and corrodes the ikin, if expoſed Jing 
any time to its contact. rate 

Though it does not ſerve to maintain combuſtion, it A 
extinguiſhes bodies in inflammation, yet it increaſes or | 
fore extinguiſhing the flame of a wax-candle : it M acid 
ders its bulk ſomewhat more conſiderable, and cava afte 
it to aſſume a pale yellow colour round the ei a5 t 
This fact proves that ammoniac gas is partly infa deg 
mable. to « 

Porous bodies, ſuch as charcoal, ſponge, &c. chat 
ſorb it. hay. 

Dr Prieſtley has diſcovered, that the electric (pry mor 


in paſſing through ammoniac gas, renders its bi 
Hike f 
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three times greater than before, and diſengages from jt 
z portion of hydrogenous gas. The cauſe of this phe- 
nomenon is hitherto unknown; only it appears that 
the ammoniac 1s decompoſed in this experiment, and 
that the two matters, of which, as we ſhall preſently 
ſhow, it is compoſed, are ſeparated, and pals into the 
tate of elaſtic fluids. 

Ammoniac gas is one of thoſe elaſtic fluids which 
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far beat dilates the moſt. Atmoſpheric air does not 
vhich combine with this gas; it only dilates and divides it. 
tat m The action of vital air on this fluid has not yet been 
the examined. 


pure, Water readily abſorbs ammoniac gas: if in the ſtate 
has or ice, it immediately melts with cold; but on the con- 
light trary, this gas communicates heat to fluid water. Wa- 
$ taſte i ter ſaturated with this gas, or liquid ammoniac, is the 
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ſubſtance known by the name of fuor and cauſtic vola- 
tile alkali, We ſhall hereafter ſee that the pureſt and 
moſt concentrated volatile alkali is prepared by receiv- 
ing the gas into diſtilled water till the liquid be ſatu- 
rated wit h it. 

Ammoniac gas has no diſcermble action on earths 
or ſalino-terrene ſubſtances ; but it acts vigorouſly on 
acids and a number of neutral ſalts, as we ſhall here- 
after ſee. Liquid ammoniac has the ſame properties 
2s the gas; only, it poſſeſſes them in a leſs eminent 
degree: For the gaſeous aggregation being, according 
to one of the laws of affinity, much weaker than 
that of liquids; of conſequence, ammoniac gas muſt 
have a greater tendency to combination than liquid am- 
moniac. 
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This ſalt has been conſidered as a combination q the a 
fixed alkali with a combuſtible ſubſtance. What gare Wing 
riſe to this conjecture was, that, in many inſtances, Men; 
fixed alkalis, when heated with inflammable matten 
produce ammoniac. But it was not known whether, 


plac t 


ne, 
on ſuch occaſions, fixed alkali entered entire into the Lim 
compoſition of ammoniac, or only ſupplied a peculiar Many 
principle, which, by combining with part of the con. Wt adds 
buſtible matter, formed this ſalt. The nature of an for 
moniac is at preſent ſomewhat better known. The fine Wea! co 
experiment of Dr Prieſtley, in which he changed As 
kaline into inflammable gas, by means of the electe ed. 


ſpark, made ſeveral chemiſts ſuſpect this laſt ſub-WMiſcuſl 


ſtance to be one of the principles of ammoniac. Mogul: 
Berthollet having engaged in a particular ſeries A ecceſs 
experiments with a view to determine this, has «es; a 
length ſhown ammoniac to be a compound of the has | 


hydrogenous and the azotic principles, with a ce: mo 
tain quantity of the caloric, He has drawn this e. B 
duQion from obſerving the action of oxigenated mui theſe 


riatic acid on ammoniac, the decompoſition of ally 
moniacal nitrate in cloſe veſſels, and the reduction M rmit 
metallic oxides by means of ammoniac. Lach al the 
theſe facts will be particularly Examined in our he ſton 
tory of the compound ſubſtances into which amm red. 
niac enters. Here we ſhall content ourſelves with 0b- 
ſerving, that by heating combinations of the oxide 

of copper and gold with ammoniac, water and 38 

azote are obtained, and the metals are reduced. ut 

ſuch operations the ammoniac is decompoſed, and it . 


hydrogene combining with the oxigene of the metalls 


oxides, forms the water; the metals are left pure, and 
(06 
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de azote, the other principle of the ammoniac, beco- 
are ning free, combines with the caloric, and the two are 
ces, Wticcogaged in gas azote. Berthollet concludes ammo- 
ter, Iviac to conſiſt of fix parts of azote and one of hydro- 
ne, with a certain quantity of caloric *, 
) the | Ammoniac diluted in water is adminiſtered in a great 
ular any diſeaſes. It is aperient, and powerfully inciſive. . 
com- t acts ſtrongly on the ſkin ; it is preſcribed as a reme- 
am. for the bite of vipers, and for cutaneous and yene- 
» fine Wea! complaints, &c. | 
d As it is acrid and cauſtic, it is to be very cautiouſly 
ect ed. Externally applied, it is very ſerviceable in 
ſub-WMWiſcuſing tumours, eſpecially ſuch as are formed by 
MWoagulated milk, lymph, &c. I have preſcribed it 
es ofcceſsfully in theſe caſes : it is a ready cure for burn- 
as uWhes; and is often ſucceſsfully applied for chilblains, &c. 
F the has been long uſed, and under a variety of names, 
| cer 2 moſt active ſtimulant in caſes of ſyncope, apoplexy, 
1s ine. But it ſhould be uſed in very moderate quantities 
| mv theſe latter caſes : it is dangerous to adminiſter it in- 
ally, unleſs diluted in a large quantity of water. 
krming excoriations have ſometimes been produced 
the duct of the œſophagus and the membranes of 
e ſtomach, in caſes where it has been raſhly admini- 
ted, 
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According to Dr Auſtin, the azote is in proportion to the hydro- 
e, a8 121 to 32.—l. 
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Genus III. Acids. F IF 
minec 
CIDS are known by their ſour taſte when dil 
ted in water; they convert blue vegetable 

lours to red; many of them appear under a pales WI 
form; they combine rapidly with alkalis; they «8M bich 
much more powerfully than alkalis on combuſtible ct nat 
dies, often reducing them to a ſtate of calcination, an at 
inflammable matters, eſpecially metals, are. found d a 
contain a conſiderable quantity of oxigene after th be me 
have been expoſed to the action of acids; while the nan 24 
again are found to have paſſed at the ſame time be pi 
a combuſtible ſtate : from theſe facts it may be ine dopted 
red that acids are by no means the fimple bodies tian This 
were thought to be, but are in general compound lea 
an inflammable matter, combined with oxigene. Nn E 
We are acquainted with ten different ſpecies of acWie1Trs ] 
in the mineral kingdom. We find alfo, in the fuer our! 

diviſion of nature, the phoſphoric acid, united with ugly The 
lead, and lime. ent cha 
The carbonic acid, 6 ible a 
The muriatic acid, or floati 


liſtingui 
Iles 0) 


The fluoric acid. 
The nitric acid. 
The ſulphuric acid, 
The boracic acid, 


Acid. 


Fe molybdic acid. 
The tunſtic acid. 
The arſenic acid. 
The ſuccinic acid. 
We ſhall here treat of the firſt ſix, which are the moſt 

plenteous and beſt known ; the other four will be exa- 

mined elſewhere. 


Species I. The Carbonic Acid. 
/ 
Wz give the name of the carbonic acid to an acid 


which occurs in great abundance- through the whole 
o nature, and which appearing often in the ſtate of 
an aëriform fluid, was at firſt called by the Engliſh 
fixed air; afterwards by Meſſrs Bewly and de Morveau 
the mepbitic acid by Macquer mephitic gas; by Berg. 
man the aerial acid; and by Bucquet the cretaceous acid. 
The propriety of the denomination which we have a- 
dopted will afterwards appear. 

This ſubſtance was not always thought to be an 50884 

Its leading properties were obſerved by Paracelſus, 
an Helmont, Hales, &c. But we are indebted to 
Meſſrs Black, Prieſtly, Bewly, Bergman, and Chaulnes 
or our knowledge of its acidity. 

The gaſeous carbonic acid poſſeſſes all the appa- 
ent charaQteriſtic properties of air. Like air, it is in- 
ible and elaſtic ; and when incloſed in a glaſs veſſel, 
vr floating in the atmoſphere, it cannot be certainly 
iſtinguiſhed from that fluid. It is one of the prin- 
ples of atmoſpheric air, but the moſt ſcanty in the 
compoſition. 
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compoſition x. It is found perfectly pure in ſubter. WK 7: i 
raneous cavities, which it entirely fills, as in the ligh 
grotto del cane. It is combined with a greater number E 
of natural bodies, ſuch as mineral waters and many ture 
neutral ſalts ; ſpirituous fermentation produces great It 


quantities of it. It is alſo formed by reſpiration and the tion 
combuſtion of coals: Laſtly, it is conſtantly exhaled z tt 
from all parts, and more Ceres from the leaves, of WM on 
plants in the ſhade. in di 

Though this acid, in the ſtate of an elaſtic fluid, ha It 
all the appearance of air, yet it poſſeſſes different phy. WM theſc 
ſical properties; its ſpecific gravity, for inſtance, 2 po 
double that of air. Like all other fluids, it may be to ur 
poured from one veſſel into another; it flows from the to th 
cock of a wine-caſk, after the wine is drawn off; iu name 
taſte is pungent and ſubacid ; it is inſtantaneouſly fatal 
to animals, becauſe it affords no ſupply for reſpiration; 


ſpher 


water 


it extioguiſhes flaming tapers, and all bodies in com- colde 
buſtion. It communicates to the tincture of turnſole diſſol 
bright red colour. That colour vaniſhes gradually u colde! 
the air as the acid evaporates, It produces no alter if equ 
tion on the colour of violets, as it acts but very feebl Wa 
on very deep and fixed colours. vier tl 

This acid has but a very faint tendency to combina it has 


tion; the weakelt indeed of all the bodies ot the kin ture « 


ly {on b 
Wl <laltic 
M. Lavoiſier's ingenious experiments have led him to confi ſeq 
atmoſpheric air as a compound of vital air, carbonic acid, and a | 
tic gas, moſt commonly in the following PERCY highe 
Vital air, *S - - 27 liquor 
Carbonic acid, - . Ol and ſt 
Gas Azote, - - 77 "= 
— I 


Total ico 


ter. 1 ſuffers no diſcernible alteration from the contact of 
aber Heat dilates it, but produces no change in the mix- 
any wre. | 
reat It mixes with vital air, without ſuffering any altera- 


| the tion; and the mixture will maintain reſpiration as long 
aled s the carbonic acid does not exceed a third part of it. 
s, of WM 0n this account, it admits of being uſed as a remedy 
in diſeaſes of the lungs. 

It combines with water but very ſlowly. By ſhaking 
theſe two fluids together, fo as to bring them as much 
2s poſſible into contact with one another, they are made 
to unite and form an acidulous liquor. Bergman gives 
to this ſolution the name of a#rated water. But this 
name belongs more properly to water containing atmo- 
ſpheric air, which it may ſerve to diſtinguiſh from boiled 
water that has been deprived of its air by heat. The 
colder water is, the more of the carbonic acid does it 
diſſolve, But there is a point of ſaturation ; even the 
coldeſt water cannot abforb a quantity greater than 
is equal to its own bulk. 

Water ſaturated with carbonic acid is ſomewhat hea- 
vier than diſtilled water. Agitation makes it ſparkle; 


bins. it has a pungent, acidulous taſte, and reddens the tinc- 


kind ture of turnſol. It is decompoſable by heat; which 
bon brings it to a ſtate of ebullition, and difengages the 
elaſtic fluid. The contact of air produces the ſame 

un ed more rapidly in proportion as its temperature is 
higher. Therefore, in order to preferve this acidulous 

17 liquor, it muſt be incloſed in veſſels properly ſtopped, 
aud ſtanding in a cool place, or under ſtrong compreſſion. 
. 11s acid ſolution abounds throughout nature. Of it 
© 3 acidulous 


- 
9 


* 1 os "—» _ 


_- 
— 
. o 


/ — 
F 2d 


* 
bd 
- = , 1 1 
- 4 . — * 22 
K —_—_ 1 4 . 5 af hs 1 
. _ l ey 
— + 2 — bd 


350 Acids. © 


7 


acidulous and gazeous waters, ſuch as thoſe of Pyr, e ſ⸗ 
mont, Seltz, &c. conſiſt. and ſul 

As this acidulated water is a remedy in all putrid dic. Whheretc 
orders, either by drinking or bathing, naturaliſts hays ure ar 
invented an apparatus for impregnating with eaſe, au tter tl 
with all poſſible quickneſs, any quantity of water wulf itt. 
as much of the carbonic acid as it can maintain in fly. We the 
tion, Dr Prieſtley, in the year 1772, gave the firſt c. a ſe. 


count of a proceſs for acidulating water that was offer. 
ed to the public. Dr Nooth has invented a machine 
for this purpoſe, which has been improved by Mr Par. 
ker, and ſtill farther improved by Mr Magellan, lt 
at preſent to be found in all philoſophical laboratories, 
There is an excellent deſcription, and an engraving d 
it, in Dr Prieftley's Experiments on the different kinds 
of Air, p. 112 to p. 118; and in Mr Magellan's letter 
in the ſame work, vol. v. page 83. 

The carbonic acid does not act upon filiceous earth, 
It is well known that acidulated water alone never cry- 
{talliſes ſiliceous earth; as was ſome years ſince repre- 
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ſented to the public. lkalis, 
The carbonic acid unites with alumine, barytes, aul, in 
magneſia, With theſe ſubſtances it forms various neu lis aci 


tral ſalts, which we ſhall afterwards have occaſion etmen 
examine. ately 

The combination of this acid with lime diſſolved en to 
water, gives riſe to an invariable phenomenon, which alW'oduce 
ways indicates the preſence of the acid. As ſoon 2s tonic © 
touches the liquid, it produces white clouds, which ſooi ended 
thicken and form a plenteous precipitate, Theſe cloud oyered 
are owing to the chalk, or carbonate of lime, formed by L is .. 
the combination of lime with the carbonic acid. TI, a: 


o 


De! 
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ew ſalt, not being ſoluble in pure water, is ſeparated, 
and ſubſides to the bottom of the fluid. Lime- water is 
rerefore a teſt, by which we may diſtinguiſh the na- 
ne and the quantity of the acid under examination. If, 
ter this precipitation, more of the acid be added, the pre- 
pitate will again be diſſolved by the additional quantity 
if the carbonic acid, and will then diſappear. Here 
a ſecond characteriſtic by which this acid may be 
nown, The chalk thus diſſolved by the addition of a 
xcond quantity of the carbonic acid, is again precipi- 
ted when the liquor 1s heated or expoſed to the air, 
r laſtly, by all the proceſſes which carry off the ſuper- 
uous quantity of the carbonic acid. Thus, I have re- 
arked, that the cauſtic fixed alkalis and pure ammo- 
ac, when poured into a ſolution of chalk with the car- 
panic acid, cauſe a precipitation by abſorbing part of the 
cid. 
arth WM Acidulated water, if poured into lime- water, produ- 
cry upon it preciſely the ſame effects. 
epte The carbonic acid combines rapidly with the three 
lkalis, If a ſmall quantity of pure cauſtic fixed al- 
ali, in a liquid ſtate, be put into a veſſel filled with 
his acid, obtained from chalk or from beer in a ſtate of 
ermentation ; and the mouth of the veſſel be imme- 
ately cloſed with a wet bladder: the bladder will be 
een to contract gradually, on account of the vacuum 
roduced in the veſlel by the alkali abſorbing the car- 
onic acid, The combination of theſe two acids is at- 
bo ended with heat; and the ſides of the veſſel are ſoon 
loud rered with cryſtals which become gradually larger. 
ed bo tis ſalt is called carbonate of potaſb, or carbonate of 
T, according as the one or the other of theſe fixed 
nes 3 alkalis 
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alkalis is employed. Theſe two genuine neutral fat 
were formerly called ſalt of tartar, and ſalt of joy 
We ſhall examine their properties in the following 
chapter. | : | 

Ammoniac gas, and the aëriform carbonic ci 
brought into contact in a cloſe veſſel, alſo produce in 
ſtantaneouſly a vacuum, heat, and a thick white clay 
which forms into regular cryſtals, or ſimply into a eu 
on the ſides of the veſſels. This 1s an imperfect ney 
tral ſalt, to which we may give the name of ammoniac 
carbonate, and which was formerly called concrete di 
tile alkali; Engliſh ſalt, &c, 

The carbonic acid does not adhere to all of thel 
baſes with the ſame force. According to Bergman 
barytes is the ſubſtance with which it has the greatel 
affinity; next in order come lime, potaſh, ſoda, may 
neſia, and ammoniac, We will have occaſion in ti 
hiſtory of neutral ſalts to take notice of the fad a 
| which Bergman has eſtabliſhed this order of affinities, 

The nature and compoſition of this gaſeous acid, hay 
for ſome years much engaged the induſtry of chemilt 
Prieſtley, Cavendiſh, Bergman, and Scheele, ſeem to1 


gree in thinking it a compound of vital air with phlog jon, le 
ſton. But as the exiſtence of that principle has ber the e 
with reaſon queſtioned by a number of celeb ni; ex] 
French chemiſts, who have urged many difficulties orie 
objeQions againſt it, to which no ſatisfaQory aninWerb0n; 
can be given, we cannot therefore admit of this eonWrhile 1 
I once thought that the carbonic acid might be a cHengage 
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pound of inflammable gas with pure air; but the di 
covery of the nature and the decompoſition of wall 
renders that, conjecture improbable ; and M. Lavoit 
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ks ſupplied it in its room a fact ſupported by demon- 
tative evidence. 

This chemiſt, to whom the ſcience is indebted for fo 
many ingenious and nice experiments, burnt a certain 
wantity of charcoal, deprived of all its hydrogenous 
ms by a previous calcination in cloſe veſſels, —in in- 
ted glafſes, filled with mercury above à portion of 
r: for he had obſerved, that if the operation were 
performed without the precaution of calcining the coal, 
Irops of water would be obtained, and would neceſſa- 
ly render the calculation inaccurate. This operation 
ras performed by means of a quarter of a grain of aga- 
ric tinder, placed on a bit of coal, and covered with a 
ery ſmall quantity of phoſphorus ; a piece of iron wire 
dent, and made red hot, paſſed through the mercury, ſo 
s to kindle the phoſphorus; the phoſphorus communi- 
ated the inflammation to the agaric tinder, which a- 
in communicated it to the coal; the inflammation 
ras very rapid, and accompanied with much light. 
he whole appa atus being cold, M. Lavoiſier introdu- 
ed into the glaſs a portion of liquid fixed cauſtic alkali; 
Fhich abſorbing the acid formed during the combuſ- 
lon, left part of the vital air as pure as at the beginning 
if the experiment. This chemift_ is of opinion, that in 
bis experiment the oxigene, which by combining with 
es 1caloric formed the vital air, - produced a portion of the 
ardonic acid by combining with the matter of the coal, 
hile the other principle of the ſame vital air was diſ- 
ngaged under the form of heat and light. A portion 
df aſhes remained; and the quantity of the acid formed 
as equal in weight to the vital air conſumed, and the 
reight which the coal had loſt, From a number of ex- 
Vol. I. 2 periments 
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periments of this kind, M. Lavoiſier concluded, tha 
quintal of the carbonic acid, the name of which th 
reader may now perceive to be founded on its nature 
conſiſts of about 28 parts of pure adde mattet 
and 72 of oxigene. 

He thinks, that in the reſpiration of animals, a ter 
carbonaceous matter is actually diſengaged from the 
blood, which by combining with the oxigene of the x 
moſphere, forms the carbonic acid, which is conſtantl 
produced by reſpiration ; and that in the ſame mant 
the carbonic acid, diſengaged in ſpirituous ferment 
tion, is produced by the combination of the carbom 
ceous matter of ſugar with the oxigenous part of water 

Several philoſophers have obſerved, that this acid, i 
a ſtate of fluid elaſticity, poſſeſſes the property of pn 
ſerving animal ſubſtances, retarding their putrefaQtion 
and even reſtoring them to a ſound and freſh tate af 
ter putrefaction has begun to take place, From thi 
fact Macbride has inferred, that the acid unites witt 
the body, thus reſtoring to it what it loſt by putretas 
tion, This latter phenomenon, in his opinion is occ 
ſioned by the natural decompoſition of organic matte 
and the diſſipation of the carbonic acid they conta 
which he calls fixed air; and therefore he aſſerts tht 
ule of this acid to be indiſpenſably neceſſary, in ordert 
ailord to animals a ſupply of what they are ſo conſiar 
ly loſing, and to reſtore the fluids-when altered by m 
tion and heat. He acknowledges the exiſtence of th 
acid in freſh vegetables, more eſpecially in ſuch as at 
{uſceptible of fermentation; as a decoction of barls 
which has been ſuffered to germinate, the infuſion! 
raiſins, &c. all of which, he thinks, may be with equi 
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yropriety preſcribed in diſeaſes occaſioned by the ſeptic 
motion of the humours ; ſuch as the ſcurvy. 

Water impregnated with the carbonic acid has been 

ſo propoſed as a remedy in putrid bilious fevers; and 
us been uſed with ſucceſs in a number of inſtances; 
he Engliſh are ſaid to uſe the carbonic acid, mixed 
1 low and unequal proportion with common air, in 
leaſes of the lungs. 
It has been ſtrongly recommended as a lithontriptic, 
r ſolvent of the ſtone in the bladder. But there is no 
ell authenticated inſtance of its being ſucceſsfully uſed 
n France again this dreadful diſtemper. Beſides, this 
contradictory to what Scheele and Bergman have dif. 
mered concerning the ſtone in the bladder; of which 
e ſhall elſewhere ſpeak, 

The newſpapers have given accounts of a number of 
pncerous caſes cured in England by the uſe of carbonic 
id, But we can aflert, that we have often ſeen it 
ed in ſuch caſes, and have even tried it ourſelves, ill 
thout effect. After the firſt applications, the cance- 
bus ulcer ſeems fo aſſume a more favourable aſpeQ; the 
nies which uſually flows from it becomes white, con- 
lent, and ſomewhat pure; the fleſh aſſumes a freſh 
ely colour; but theſe flattering appearances are falla- 
ous, and do not continue ; the ulcer ſoon returns to 
former ſtate, and its progreſs goes on as before. 

The period of the firſt diſcovery of this acid by Dr 
lack is to be conſidered as one of the moſt illuftrious 
u of chemical ſcience. To point out the influence 
this diſcovery upon the ſcience, we ſhall here offer 
following remarks, 1. It has made us acquainted 
ta peculiar acid. 2. It has explained the cauſe of 
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the efferveſcence of the common alkalis, chalk, cal, 
reous ſpar, and magnefia, when mixed with acid 
ſtronger than themſelyes. 3, It has enabled us to gi 
ſtinguiſh all alkaline matters as exiſting in two ſtate 
pure and cauſtic, or ſoft, with the property of cauſing q 
ferveſcence. 4. It has thrown new light on the hiſtory q 


in the 
the C( 
auſe « 
arbut 
y of t 


The 
the elective attractions of ammoniac and chalk for the "HIP 
acids. 5. It has furniſhed us with one of the firſt i os 2 
ſtances of an acid preferring lime to the fixed alkali urat 


6. The hiſtory of places containing mephitic air, cayen 
which are inſtantly fatal to the life of animals, is be 
come ſince this diſcovery more ſimple and mtelligible 


omme 
xpole 
ms | 


7. To the former analyſes of waters, we have been en ht, 
abled to add by this diſcovery an accurate knowledy xigen 
of gaſeous, ſpirituous, and acidulous waters; fo that uf ery r. 
can now produce by rule the moſt perfect imitations . pr 
them. 8. It has likewiſe made us much better dd as 


quainted with the ſolutions of iron contained in vanou 
waters; and has taught us how to make up mart 
waters exactly reſembling thoſe of nature. 9. It h 
made us acquainted with a new claſs of neutral ſalt 
alkaline and metallic, which have the carbonic ac 
for one of their principles, and to which we ſhall there 
fore give the name of carbonates in this work. 10. It 
opened a new tract for the reſearches of naturaliſts a 
chemiſts, and has rouſed that ardour for ſuch purſuits 
which we are indebted for all the fine diſcoveries whit 
have been made ſince that period. The name of Bla 
will therefore be famous in the annals of chemiltryi 


iron. 


the 

long as the ſcience ſhall be cultivated. 
As to the production of this acid by the elec, A0 
ſpark paſling through vital air, we muſt obſerve, nm 
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the experiments of M. Landriani, the iron uſed as 
he conductor of the eleAric fluid, is evidently the 
zuſe of the phenomenon by means of the plumbago, or 
arbure of iron, which it contains, The trivial quanti- 
of the acid obtained, is an unequivocal proof of this. 
There are, no doubt, many caſes in which the car- 
nic acid is decompoſed and reſolved into its princi- 
les, as well as other acids: Thus, for inſtance, water 
wurated with this acid is much fitter than diſtilled or 
ommon water for the production of vital air on leaves 
xpoſed to the rays of the ſun : the vegetable ſubſtance 
ms to abſorb the carbonaceous matter, while the 
icht, acting like heat, contributes by ſeparating the 
xigene, to the production of vital air. It is likewiſe 
ery remarkable, that certain oxides of iron, diſtilled 
12 pneumato-chemical machine, afford only carbonic 
ad as they paſs to the ſtate of æthiops or black oxide 
mak iron. This depends either on the carbonaceous mat- 
nauer or the plumbago contained in ſeveral kinds of iron. 
It ue carbonaceous matter, by abſorbing part of the 
l lt nigene of the iron, forms the acid which is diſengag- 
c WF. Theſe newly diſcovered facts will be explained 
ther ore at length in ſome of the following chapters of 
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lite, Species II. The Muriatic Acid. 
Whic 


Ix the laboratories, the name of marine acid, or ſþi- 
it of ſalt, or liquid muriatic acid, is given to a fluid 
the conſiſtency of water, of a taſte ſtrong enough to 
L 3 corrode 


According to Kirwan, the proportion of carbonic acid to that 
common air, is, as 68,74 to 45,69 ; Lavoilier makes it 69,59 to 
51. The proportion of the carbone to the oxigene, in carbonic 
nic, is as 12,0288 to 56,687, —H, 
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corrode our organs when it, 1s concentrated ; but 
which, when diluted in water, affects the tongue on 
with a ſourneſs and ſtipticity. This fluid, when per 
fectly pure, is abſolutely colourleſs. When it is re 
or citror- coloured, like the marine ſalt of the ſhopy, j 
owes its colour to ſome combuſtible ſubſtances, fr 
quently to iron, which alters it. This acid is obtaing 
from marine ſalt. or muriate of ſoda, as we ſhall ſee j 
the hiſtory of that ſalt. If ſtrong and concentrate 
it exhales when expoſed to the air a white yapoy 
or ſmoke. It has a lively penetrating ſmell, whid 
when faint or much diluted, reſembles the ſmell of 5 
trons, or the apple called the golden rennet. It is the 
called the fuming muriatic acid. Its vapour riſes mal 
copiouſly when the air is moiſt. If, on opening a fla 
full of this acid, you put your hand to its orifice, ya 
feel a ſenſible heat; which is occaſioned by the comb 
nation of the acid in the ſtate of vapour with the wat 
of the atmoſphere. - 

The muriatic acid communicates a deep red to th 
ſyrup of violets, and all blue vegetable colours, 
does not abſolutely deftroy them. This liquor, ha 
ever concentrated and fuming, is not muriatic 20 
in a pure and ſeparate ſtate; but muriatig acid con 
bined with a confiderable quantity of water, I 
Prieſtley has eſtabliſhed this truth beyond a doubt, by 
ſhowing that this acid may be reduced to a gas, an 
rendered permanent in that ſtate, over a portion of met 
cury, by the temperature and preſſure of the atmd 
phere : we muſt therefore examine the properties 
this gas, t we wiſh to acquire a knowledge of thi 
of the muriatic acid, unmixed and in a flate of pur 
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The muriatic acid gas is obtained by heating the li- 
quid fuming acid in a retort, the extremity of which 
enters a bell-glaſs full of mercury. The gas being much 
more volatile than the water, paſſes through the retort 
into the glaſs ; it diſplays all the apparent properties. of 
common air, but is more ponderous. It has a keen 
penetrating odour ; and is ſo cauſtic that it inflames 
the ſkin, and often occaſions violent itchings. It ſuf- 
fucates animals, and extinguiſhes the flame of a taper, 
fter magnifying it and cauſing it to aſſume a green or 
bluiſh flame round its edges. Spongy bodies abſorb this 
cad, Wes | | 
Light does not appear to alter it in any ſenſible de- 
re, Heat rarefies it, and increaſes its elaſticity a- 
uingly. Atmoſpheric air, mixed under bell-glaſſes 
fith muriatic gas, cauſes it to aſſume a famy or va- 
xrous form, and is gently heated; from which it ap- 
ears that a combination actually takes place. When 
he air is humid, theſe vapours are more diſcernible : 
. 'Arcet has obſerved that they are not perceptible 
dn the tops of high hills, where the air is very dry. The 
rhite vapours exhaled by the muriatie acid gas are 
herefore owing to the water contained in the atmoſ- 
phere. Neither the liquid acid nor the gas abſorbs vi- 
alair in a ſtate of elaſticity, in any ſenſible degree; 
et ſome properties, which we ſhall mention by and by, 
nable them to combine with the oxigenous principle. 
{1s aſſerted that the liquid muriatic acid may be cau- 
td to abſorb a portion of vital air, by ſhaking them 
olently together. . 

The muriatic acid gas combines rapidly with water. 
ce, on coming into contact with it, inſtantly melts, to 
2 4 abſorb 
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abſorb it. Water uniting with this gas acquires a con. 
fiderable heat, When ſaturated with it, it cools and 
becomes the ſame with the liquid acid from which the 
gas was obtained ; it exhales white vapours, is colour. 
leſs, reddens ſyrup of violets, &c. We ſhall afterwardt 
ſee, that the moſt concentrated and pure liquid muria. 
tic acid is obtained by ſaturating pure water with thee, 
laſtic fluid, | 

The muriatic acid gas has no power of action on fil. 
ceous earth; it combines with aluminousearth, and by 
this combination forms aluminous muriate. 

It unites with the falino-terrene ſubſtances, forming 
in combination with them barytic, magneſian, and cal. 
careous muriates. 

Its combination with potaſh is the febrifuge ſalt of 
Sylvius, or muriate of potaſh : with mineral alkali ct 
ſoda, it gives marine ſalt, common falt, or muriate of 
ſoda. | 

The muriatic acid gas when brought into contact yith 
ammoniac gas, acquires a conſiderable heat. The two 
elaſtic fluids penetrate each other, a white cloud in- 
ſtantly riſes, the mercury is elevated in the glaſſes, 
and the ſides of the glaſſes are ſoon covered over with 
ramified cryſtals, which are ſal ammoniac, or ammont- 
acal muriate. If the two gaſes be very pure, they 
diſappear entirely when the concretions are formed, 
and the heat diſengaged. This experiment among & 
thers proves, 1. That bodies which paſs from a liquid 
to a ſolid ſtate, abſorb in their tranſition a certain quaſ- 
tity of the caloric principle, or the matter of heat; for 


the cauſe which converts the muriatic acid into a g% 
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on. WY © its receiving an additional quantity of heat. 2. That 
nd WT he heat abſorbed by elaftic fluids, in their a&rzfication, 
the Wi diſengaged when they return to a liquid or ſolid 
ur. ute. 3. That the elaſticity of fluids is produced by 
ds WW heir abſorbing and combining with heat; and that all 
ta. criſorm fluids are compound bodies, which owe their 
ee. rm to fixed heat, or the caloric principle, as we have 
elle where ſhown. 

The muriatic acid abſorbs the carbonic acid; but 
he reciprocal action of theſe two acids has not yet been 
properly examined. The muriatic is known to be the 
fronger of the two; for it diſengages the carbonic from 
ill its baſes, and enters itſelf into combination with 
hem, Bergman arranges its attractions for the diffe- 
nt alkaline baſes 'in the following order, proceeding 
wm that with which it has the ſtrongeſt to that with 
phick it has the weakeſt affinity : barytes, 2 ſo- 
a, lime, magneſia, ammoniac, alumines, 

The intimate nature of the muriatic acid, and the 
nociples of its compoſition, are unknown. Beccher 
magined it to conſiſt of ſulphuric acid with mercu- 
al earth; becauſe he had obſerved that acid to have 
ſtrong affinity, and combine very readily, with all the 
jodies in which he admitted the exiſtence of this prin- 
ple, ſuch as arſenic, mercury, &c. Stahl has not il- 
ſtrated Beccher's opinion concerning this acid. And 
bong all the ingenious experiments of the moderns, 
uid ere is none which throws any light on the conſtituent 
an- Nrinciples of the muriatic acid. As its baſe is unknown 
for WP us, we cannot determine whether it admits of two 
as, tes of ſaturation with oxigene ; in one of which, the 

e being completely faturated, the acid muſt be 
ſtroyger, 
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A diftillation of the muriatic acid on oxide of man- 
raneſe, afforded him yellow vapours without the help 
of fire. If the retort be heated, and the vapours receiv- 
ea in flaſks full of water, and immerſed in ice, a very 
ſnall portion of the acid is diſſolved, but the water is 
bon ſaturated; after the ſaturation of the water, the 
et of the gas aſſumes a concrete form, and falls in cryſ- 
als to the bottom of the liquor. This ſalt melts, and 
riſes in bubbles with the moſt moderate heat. 

The oxigenated muriatic acid in a liquid form, or 
difolved in water, has, according to M. Berthollet, an 
harſh though not an acid taſte; it whitens and de- 
froys vegetable colours, without changing them firſt in- 
e i" a red; it neither expels the carbonic acid from its 
baſes, nor produces any efferveſcence with alkaline 
ma ubſtances ſaturated with that acid; in ſhort, it poſſeſſes 
ot the uſual properties of acids. If heated with quick- 
eve, it efferveſces, and gives out vital air, ſo that the 
nde emains is nothing but calcareous muriate ; which is evi- 
ently produced by the diſengagement of the oxigene 
unn ich which the acid was ſaturated. The oxigenated _ 
vocal matic acid produces likewiſe an efferveſcence when 


combines with pure ammoniac. The reſult of this 
pen ombination is, on the one hand, water; on the other, 
oli gas. In this inſtance, the oxigenated muriatic' 


ad and ammoniac are both decompoſed; the hydro- 
e fene, which is one of the principles of the ammoniac, 
ge with the oxigene, with which the muriatic acid 
ce uper-ſaturated, and by their union the water is 
tried; while again, the azote, the other principle of 
ie ammoniac, uniting with the caloric, eſcapes under 
n elaſtic form, and produces the efferveſcent motion 

obſerved 
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obſerved in this experiment. Laſtly, the oxigenatel 
muriatic acid converts metals into oxides, and diffalye; 
them without occafioning efferveſcence. It deſtroys 
vegetable colours, as it paſſes into the ſtate of * 
muriatic acid. All theſe experiments prove, that 
Scheele's dephlogiſticated muriatic acid, is a combing. 
tion of this acid in a pure ſtate, with the baſe of vita 
air, or the oxigenous principle; and that its proper 
name is, aerated or oxigenated muriatic acid, as I haye 
ſhown in my firſt edition. M. Berthollet has not ye 
determined what quantity of oxigene the muriati 
acid muſt abſorb, in order to acquire the properties 
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of oxigenated muriatic acid *, In March 1797, ber hout 
diſcovered that oxigenated muriatic gas, received ini colo 
a lixiviate of cauſtic potaſh, forms a cryſtalliſable neu lterabi 
tral ſalt, which, like nitre, or even in a greater degree it fo 
produces detonation on burning coals ; affording Hie firſt 
the action of the fire very pure vital air, or oxigenouMretty e 
gas, and leaving a reſidue of muriate of pota ie be 
Theſe experiments concur to ſupport the theory whit tit 
I offered to the public ſeven years ſince, concern N fro 
the nature of the oxigenated muriatic acid; for tht 
detonation of oxigenated muriate of potaſh is plain 
owing to its containing an extraordinary quantity i Tur 
oxigene. Soda forms only a deliqueſcent ſalt with Med this 
oxigenated muriatic acid. athy n 
The muriatic acid is made uſe of in ſeveral of tha<quaint 
arts, and more eſpecially in the art of aſſaying in tha This 
humid wayf. la medicine, it is well diluted in ws 
be o. 
dnſequenc 
See Journ. de Phyſique, tome xxvi. page 321, Mai 1785. | 2 
+ See Bergman, de Docimaſia humida, Opuſc. Vol. II. Or * i 


Engliſh tranſlation of his Opyſcula,—H, 
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er and adminiſtered as a diuretic, an antiſeptic, and 
cooler; it is the chief ingredient of the Prior de Cha- 
riers cure for ruptures. It is externally applied as an 
charotie, to deſtroy altered fleſh, as a cure for the gan- 
rene in the throat, aphthæ, &c. Mixed with a certain 
wantity of water, it compoſes a bath for the feet, uſed 
V ſome people, and conſidered as a ſecret, for draw- 
ig the gout from the more vital to the inferior parts. 

But the oxigenated muriatic acid has been known: 
r too ſhort a ſpace of time to admit of its being much 
ed in the arts. M. Berthollet thinks that it may be 
eceſsfully employed for diſcovering in a few minutes 
© hours, what effects the action of air would produce 
n coloured ſtuffs, and thus determining the fixity or 
terability of the colours: he has of late recommend- 
lit for whitening linen and unbleached yarn: and 
he firſt trials, which have been made in Paris on a 
retty extenſive ſcale, promiſe favourably. It may like- 
jiſe be advantageouſly employed for whitening in a 
hort time the yellow, and more eſpecially the green 
yax from our iflands *. 


- Species III. The Fluoric Acid. 


Tux fluoric acid, diſcovered by Scheele, has recei- 

ed this name becauſe it is obtained from a ſort of 

athy neutral ſalt, with which we ſhall afterwards get 

equainted under the+name of fluor ſpar, 

This acid when pure has a gaſeous form, and we 
muſt 


* The oxigenated muriatic acid is now generally uſed in bleaching, in 
ſequence of the experiments of M. Berthollet. By M. Chaptel it is 
commended to make old books and manuſcripts legible. In its concrete 
m, it is cryſtalliſed into quadrangular priſms, truncated very oblique- 
aud terminated by a lozenge.— H. 
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muſt examine its j it 
properties as it exiſts in that fle d 


The fluoric acid 1 
It extinguiſhes hs aA ponderous than common au. ſtill 
ee , a> kill animals. It has a py Wis p 
e myers” 0 yo , nearly the ſame with that of * Dr! 
- "ſock chat 2 me rather leſs keen. Its a Led 
ſonce/oftiexr'ds 8 2 the ſkin, however ſhort f ſary 
It ſuffers no — 2 it is expoſed to its contad lacqu 
eee alteration from light. Heat dilat oly w 
rn 1 Wt: 
tanks oct ined in atmoſpheric air, enables it ty pinion 
MPT WS ER of the fluoric acid, and conven xecipit 
ene er. ien it does more or leſs rea at 
n e e ntains a greater or a leſs quantity reme 
Ren 3 omenon reſembles that which them the 
ben * ents on the ſame occaſion; but the va id mi 
The 3 pn than that of the ry; W's: - 
Ep — gas — eagerly with water, aul The 1 
E at the inſtant of their union. A pecy of (al 
precipitation . ee occafion, namely, ti hich ex 
TY _ a very fine white earth, which appear te acid 
pears that bs IE From this circumſtance it a The ti. 
of elaſtic Kvidity is far from being pure in the fas hed, ur 
when the earth 5 = becomes pure, therefore, only ment 
tilized, has be | £ ich adhered to it when it was b 
1 7a 3 eparated by the action of water. combir 
Trad en. in water conftitutes the acid ſpim whic 
firong, when Faves wo nee PIR REI Sch 
acid ee eg 4 „men 1 
violets. Accord! a ſtrong red colour to the ſyrup led f 
2 ing to Scheele and Bergman, it poles Which 
gular property of diſſolving ſiliceous earth very 
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ter, depofite a conſiderable quantity of this earth, yet 
+ till retains ſo much that alkalis cauſe it to afford a 
new precipitate. 

Dr Prieſtley obſerved, that the fluoric acid gas cor- 
wded and penetrated common glaſs, and found it ne- 
ſary to uſe thick glaſs bottles for his experiments. 
lacquer thought that the acid produced this effect 
ly when in a gaſeous ſtate, but was incapable of at- 
cking glaſs when liquid or diluted in water. This 
pinion is founded on the circumſtance of water's 
xecipitating the filiceous earth, which is maintained 
14 ſtate of ſolution in the fluoric gas. But it is to 
remembered, that the water does not entirely ſepa- 
te the earth from the acid; and therefore the fluoric 
id muſt retain, even in a fluid ſtate, the power of 
ing on glaſs and ſiliceous ſtones, 

The liquid fluoric acid may be decompoſed like ſpi- 
t of ſalt by heating it in a retort, the extremity of 
hich enters a bell-glaſs full of mercury. By this means 
je acid is obtained in gas, and leaves the water pure. 
The two French chemiſts who, in the year 1773, pub- 
bed, under the name of M. Boullanger, a ſeries of ex- 
timents on the vitreous ſpar, or the ſparry fluor, are 
opinion that the acid of this ſpar is nothing but 
combination of muriatic acid with an earthy mat 
, Which water only 1s capable of ſeparating from it. 
t Scheele has ſucceſsfully combated this opinion: 
| conſiders it as a peculiar acid, ſtrikingly diſtin- 


« 
* which it is ſuſceptible. And his opinion is at pre- 
t very generally received among chemilts, 


Ihe fluoric is the only mineral acid capable of diſ- 
2 ſolying 


ned from all others by the various combinations - 
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ſolving filiceous earth. Bergman and Scheele were 
opinion, in the year 1779, that this earth might ye 
probably be a compound of the fluoric acid with w 
ter; becauſe the fluoric acid gas depoſites no ſms] 
quantity of filiceous earth, when brought into contat 
with water. But an experiment of M. Meyers b 
ſince proved, that the earth precipitated on that oce 
ſion comes from the glaſs veſſel, part of which is d 
| ſolved by the acid. That chemiſt took three cylindi 
cal tin veſlels, into each of which he put an oung 
of vitreous ſpar and three ounces of ſulphuric aci 
which having a greater affinity than the fluoric ac 
with lime, is ſucceſsfully employed to ſeparate th 
latter acid: to one of theſe mixtures he added x 
ounce of pulverized quartz; to the ſecond an ounce 
powder of glaſs; the third he left pure without x 
addition: in each of the cylinders he hung a 
ſponge, and cloſing up the veſſels, expoſed them u 
moderate temperature. Half an hour after, he fou 
a ſiliceous duſt depoſited on the ſponge of the miri 
containing the glaſs; at the end of twelve hour, ! 
ſponge of the veſſel containing the quartz was likes 
covered over with an earthy incruſtation ; but even 
ter ſeveral days the ſponge of the third veſſel exhibit 
no ſuch appearance. Bergman ſent an account of 
experiment to M. de Morveau, letting him know at 
ſame time, that he now gave up his opinion conc 
ing the formation of ſiliceous earth by the combina 
of the fluoric acid gas with water. The precipitat 
is therefore owing to the glaſs diſſolved by the flu 
acid gas; and the acid is not pure till after the pred 
tate has been ſeparated from it by water and alkals 
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The fluoric acid, either in a gaſeous of a liquid ſtate, 
nites with aluminous earth, forming with it aluminous 
17, a ſweet taſted neutral ſalt, which readily aſ- 
mes the conſiſtency of a thick jelly. 
tet combines alſo with barytes : the ſalt reſulting from 
combination, to which we give the name of ba- 
oc ic fluate, is a pulverulent ſubſtance. 
i« wich magneſia the fluoric acid forms a cryſtalliſable 
ſindu t, magne/ran fluate. 
dune 1t forms a precipitate with lime water, producing in- 
ac iatly calcareous fluate. 
c lt combines with potaſh to form fluate of pota/ſh ; 
te Mich ſoda, it produces fuate of ſoda ; laftly, combin- 
led Me with ammoniac, it forms the ſalt which we call am- 
mee C/ Auate. 
ut u This ſhort account of theſe ſaline combinations ſhows 
a ve fluoric acid to be evidently different from the mu- 
m toWſetic. Its affinities with the different baſes afford new 
fou os in ſupport of the ſame truth. Bergman ob- 
miru ves, that the fluorie acid, when united with potaſh, 
ars, / be ſeparated from it by lime-water, which cauſes 
Uke solution of that ſalt to afford a precipitate. The 
even e thing takes place on a ſolution of the barytic 
xbibiWWate, which becomes muddy when lime is put into it. 
t of F'gman gives its elective attractions in the following 
er; lime, barytes, magneſia, potaſh, ſoda, ammo- 
conceipc: but he confeſſes that more experiments are neceſ- 
bin to eſtabliſh fully this order of affinities. 
ip vor. I. Aa The 


e flu 

pred According to the methodical nomenclature which we have pro- 

1 d, the word fluorate is here to be uſed ; but we contract it into 

als.. and we ſhall do the ſame for the ſulphuric acid, ufing ſulphaty 
| Ii fulpburate. - F. 
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The fluoric acid gas has not as yet been applied ute 
any purpoſe in the arts: but its power of diſſolving 61; 890 
ceous earth, will in all probability render it very uſe\ 
in chemical operations, when proceſſes for obtainin 
it more conveniently than at preſent, ſhall have been a 


we { 
Clin 
yn tw 


troduced. de 
| le, 

Species IV. The Nitric Acid. 4 

Y 

Wuar is called /þ:rit of nitre in the laboratory, ; r 
combination of this acid with water. In a liquid ug 
and pure, the acid is white; but if altered in the uin 
eſt degree, it becomes yellow or red; and there ati nit 
from it in great abundance a vapour of the ſame . 
lour. It is fo cauſtic that it burns and deftroys e fo 
ſtantaneouſly the organization of the muſcles. It He ce 
dens ſyrup of violets, and entirely deſtroys its of che 
lour, | nay h 
On being expoſed to the rays of the ſun, it acqui 
according to Scheele, an higher colour and greatery bots ff 
latility ; and from this it appears that light acts upon Ind c 
As it acquires a deeper colour, vital air is diſenga it of 1 
from it. the 
Heat volatilizes this acid, and ſeparates the coloan be lefl 
matter in the form of red vapours. ſt; 
When red, it unites eagerly with water, wil de re! 
aſſumes in conſequence, a green or blue colour : H 
pears to have acquired a conſiderable degree of hea alan 
entering into this combination. When united wil be h 
bunde 


large quantity of the fluid, it forms aguaforts. 
The white and the red nitrous acids were form 


conſidered as being of the ſame ſubſtance, only cone 
it 


els of 


2t10n 
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ated in different degrees; the higher. coloured was 
thought to be the moſt concentrated of the two. But 
ve are now better acquainted with the nature of this 
line ſubſtance, and know it to be capable of exiſting 
in two different ſtates. In one of theſe the acid of nitre 
i deſtitute of colour, more ponderous, and leſs vola- 
le, and emits only a white ſmoke; in the other, it is 
if a colour varying in ſhade from a yellow to a brown 
d, is more light and volatile, and is conſtantly emit- 
ng red vapours, in greater or leſs abundance, accord- 


ied tt 
ag filt 
uſefy 
taining 
een in 


y, U 
id as to the temperature to which it is expoſed. Berg- 
en diſtinguiſhes between theſe two ſtates of the acid 


ff nitre, by giving to the one the name of dephlogi/ti- 
ated, to the other that of pblagiſticated; we give to 
he former, the white, the name of the nitric acid; to 
he coloured, the name of the nitrous acid. The cauſe 
f theſe diſtinctions will hereafter be ſhown : Only, we 
hey here obſerve, that if the coloured and fuming ni- 
rous acid be diſtilled in a glaſs retort, the red part 
bes firſt off in vapour, and what remains is a white 
nd colourleſs acid. The darker the colour of the ſpi- 
t of nitre ſubjected to diſtillation, ſo much the greater 
the quantity of the vapours obtained, and ſo much 
he leſs tne portion of the white acid remaining in the re- 
ort; and vice verſa, when the nitrous acid heated in 
be retort is of a bright red colour, very little vapour, 


re ati 
ame ce 
roys ul 
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its 


acqu 
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upon! 
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r, wil 

r: uta great deal of the white acid is obtained. This 
ben dance ſhows the red acid to be more volatile than 
Ju e + bite. And as all coloured ſpirit of nitre is com- 


vunded of the two, they are to be ſeparated by a pro- 
ts of diſtillation judiciouſly conducted. In this ope- 
aon a certain quantity of vital air is always diſenga- 


Aa 2 ged, 


372 Acids. 


ged, which may be collected by applying a pneumats, 
chemical machine to a balloon, We muſt remark, that 
when the veſſels are red-hot, certain red vapours ae 


conſtantly ſeparated even from the whiteſt nitric acid; T 
and the colour of the acid is alſo changed, fo that it he it ea. 
comes of a flame-red : But the change produced V not) 
heat immediately diſappears when the acid returns u Th 
its former temperature, and the vapour alfo returns dhe n 
a liquid. The ſame thing happens when a portion n 
the nitrous acid, highly coloured, is united with water difſol1 
a red vapour is diſengaged and paſſes into the at ll i 
' tphere ;. the heat which then takes place, increaſes pes 
colour of the acid which had been weakened by W/ it! 
water; what remains after the evaporation is not iM aatior 
trous, but nitric acid; and the change is inſtantaneous, 
When heat, by the aſſiſtance of light, produces thigh?"*c!9 
change on the nitric acid, a quantity of vital air oro auſe 
genous gas is diſengaged, proportioned to that of H $ 
nitrous gas which is formed on the occaſion, This de ought 
compoſition of the nitric acid, and the change of it i uriat 
to the nitrous, takes place in conſequenee of the tio 
tual affinities. between light, caloric, and oxigen f n 
In this inſtance the glowing heat of our veſſels ads li acl 
that of the rays of the fun. | as Ca 
The nitric acid acts not upon ſiliceous earth: it con del] v 
bines with alumines, with barytes, with magnefia, vit olours, 
and with lime, the three alkalis: with theſe ſubſtances e el 
forms the aluminous, bary tie, magneſian, and calcareott the 
nitrates, nitrate of potaſh, nitrate of ſoda, and ammoniae d the! 
nitrate. All theſe falts ſhall be hereafter particular its x 
examined. The ſalts formed by the union of the fin , on 
as Its 


baſes with the nitroũs acid are ſomewhat different fr 
thel 
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loft. For this reaſon he gave it the name of 4 On tl 
Phlogiſticated marine acid. Our firſt obſervation he | US 
1s, that this explanation of theſe phenomena is age form 
ly contradictory to the theory of Stahl, which Scherk bill 


in general appears to have adopted. and extended: fy - 
the muriatic acid 18 faid to acquire, by the loſs of in ed 
phlogiſton, a ſet of properties which Stahl attribute nece! 

ties 0 


to the preſence of that principle; namely volatilit 
a ſtrong ſmell, and a power of acting on e 
matters. Beſides, we are of opinion, that all thek 
phenomena may be much more ſatisfactorily expla 
ed by the new theory: and this we ſhall very ſoon ſhoy 

Bergman thinks that the nitric acid ſeizing on the 


gold, 
nothi 
as mu 
uſed 

the n 
tion « 


phlogiſton of the muriatic acid, is partly diſſipated i 
to vapour, and that what remains of the muriatic * Bp 
is then preciſely in the ſame ſtate with the vapou with 
which ariſes from the diſtillation of this acid on oxi there 
of manganeſe. Thus, what enables the nitro-muriatk 425 
acid to diſſolve gold, is its containing a portion of « Ty to 
phlogiſticated marine acid + and this mixed acid h © 
ten nothing but marine acid. Such is the opinon« muri, 
the celebrated chemiſt of Upſal. The following x only 
pears * me a better account of the facts. When t ap, 
quantity of nitric acid is poured upon a quanti perin 
of muriatic acid, heat is excited between the twol * 
quors, and they aſſume a colour; an efferveſcence tai ones 
place, and a kind of mixed imell ariſes, not ſo pu 11 
gent as that of the muriatic acid, but quite pecull of th 
and reſembling that which this acid affords when dil pecul 
led on oxide of manganeſe. Mr Berthollet has die ing t 
yered, that a portion of oxigenated muriatic acid built 
it a p 


diſengaged during this rapid re. action of the two a 
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on this occaſion, therefore, the muriatic acid deprives 
he nitric of part of its oxigene, and is diſſipated in the 
erm of oxigenated muriatic gas; yet a portion of it 
81] remains ſaturated with oxigene and nitrous gas; 
and this mixture is aqua regia. From this we under- 
land why ſo ſmall a proportion of the nitric acid is 
neceſſary to communicate to the muriatic the proper- 
ties of aqua regia ; and why both the nitro-muriate of 
gold, and the nitro-muriatic acid, afford when diſtilled 
nothing but muriatic acid. But we muſt obſerve, that, 
as much more nitric acid than is neceſſary, is generally 
uſed to ſuper-ſaturate the muriatic acid with oxigene, 
the nitro-muriatic acid which reſults from this compoſi. 
tion contains both acids, and they act each according to 
its peculiar nature, forming peculiar and diſtinct ſalts 
with all the bodies expoled to their action. It would 
therefore be a ſervice of ſome importance to chemiſtry, 
to determine what quantity of the nitric acid is neceſſa- 
ry to ſaturate a given quantity of the muriatic with ox- 
gene, and to cauſe it to aſſume the character of nitro- 
muriatic acid, without containing any aquafortis, which 
only alters it and renders its effects uncertain. Hence 


apoul 
oxid 


iati 


it appears neceſſary, in recording accurate chemical ex- 
periments upon this matter, to mention the proportion 
in which the two acids have been mixed to produce the 


wol | 

u regia made uſe of. | 
K This mixed acid has lefs ſpecific gravity than either 
* of the two acids of which it is compoſed. It has a 


peculiar {mell, commonly a citron-colour, often inclia- 
ing to orange. Its action on natural bodies diſtin- 
guiſhes it from all other acids. Light extricates from 
it a portion of oxigene gas or vital air. Heat ſeparates 

A a 4 from 


theſe combinations there reſult mixed ſalts, which cry(. 


great force on combuſtible bodies, more eſpecially ot 


376 a Acids. | 


from it oxigenated muriatic acid. Aqua regia com. 
bines with water in any proportion, and always excites 
heat as it enters into combination with that fluid 
It diſſolves alumine, but very ſlowly : it unites with 
barytes, magneſia, lime, and the alkalis; and fron 


tallme either ſeparately or together, according as the 
are more or leſs ſoluble. Agua regia is much uſe 
both in chemiſtry and in the art of affaying; as we 
ſhall ſhow more at large when we come to ſpeak 
of metallic ſubſtances. 

Since the era of Dr Prieſtley's diſcoveries, chemifh 
have laboured much to diſcover the intimate nature 
and the component principles of the nitric acid. [t 
was ſhown, in the firſt place, that the opinion which 
aſcribed the formation of the nitric to the ſulphuric acid, 
and repreſented the former as a modification of the lat. 
ter, was founded on fallacious experiments. Soon after, 
it was obſerved, that this acid is formed of peculiar 
principles; and the following obſervations led to a cer Mell m 


tain diſcovery of its nature. ontact 


The nitric acid had been long obſerved to act with 


the metals. On ſuch occaſions, it exhales into the at- Niter ri 
moſphere a conſiderable quantity of red yapours, and 
is often indeed entirely diſſipated under this form. The 
combuſtible body expoſed to its action is ſoon reduced 
to the ſtate of a burnt body, or oxide; nay, it often 
cauſes combuſtible bodies, ſuch as oils, charcoal, ſub 
phur, phoſphorus, and ſeveral of the metals, to emits 
ſudden flame. Stahl aſcribed this eſſect to the rapidity 
with which the acid combined with the phlogiſtion d 
combuſtibl 


antity 
8 diſc, 
ceflar 
Ie fo; 


— 


Acids. | 377 


comduſtible bodies. But this theory did not afford a 
atisfactory explanation of the phenomenon. 

Dr Prieftley, by receiving into a glaſs veſſel filled 
with water, the vapour diſengaged during the action of 
the nitric acid on a piece of iron, obſerved, that inſtead 
yl. Net a red vaporous fluid, a tranſparent colourleſs gas re- 
bes embling air was obtained on that occaſion ; and to this 
fed de gave the name of nitrous gas. 
we This gas poſſeſſes all the apparent properties of air, 
elk but differs greatly from it in reſpect to chemical pro- 
perties, It has rather leſs gravity, is unfit for main- 
taining either combuſtion or reſpiration, is ſtrongly 
tiſeptic, has no ſenſible taſte, and takes a long time 
> alter the colour of ſyrup of violets. Nitrous gas 
ppears to ſuffer no alteration from light. Heat di- 
ates it. Vital air readily combines with it; thus re- 
lucing it to the ſtate of nitrous acid. Atmoſpheric air 
wduces the ſame effect upon it, but not ſo forcibly. 
his combination diſplays ſeveral phenomena which 
ell merit our attention. As ſoon as air comes into 
antact with nitrous gas, though both the fluids were 
fore colourleſs, they become inſtantly red like the 
trous acid: a pretty lively heat is then excited; the 
ter riſing in the receiver abſorbs all theſe red vapours, 
d thus acquires the character of aquafortis. The 
ter the air is, the more readily do theſe phenomena 
ke place, the more ſtriking do they appear, and the 
aller is the proportion neceſſary to change a given 
antity of nitrous gas into nitrous acid. M. Lavoiſier 
8 diſcovered, that ſixteen parts of atmoſpheric air are 
ceſſary to ſaturate ſeven and one-third of nitrous gas, 
we four parts of vital air are ſufficient for the com- 
plete 
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plete ſaturation of the ſame quantity of the ſame gan, 
Macquer thought this beautiful phenomenon Preciſely 
ſimilar to combuſtion. It is in fact accompanied with 
heat, the abſorption of air, and the production of a fl. 
line matter; and the red colour which then appears 


may be conſidered as a kind of flame, 2 

As in this artificial compoſition of the nitrous acid, 4 
the air produces different effects, according as it is more dt 
or leſs pure, Dr Prieſtley thinks that nitrous gas ny .. . 
ſerve as a teſt to enable us to diſtinguiſh what quantity 2 
of vital air any other kind of air contains; if we aſſume * 
as two terms. the moſt impure air, or gas unfit for re "4 
{piration, ſuch as the carbonic acid, which produces u Pr 
change whatever on nitrous gas, —and vital air, whic . 
produces the greateſt alteration upon it. This afl 8 
conſiſts in employing known and proportional quanti Ch 
ties of theſe two gaſes, and obſerving when they: "= 
mutually and completely ſaturated. That air is th Eu. 
pureſt of which the ſmalleſt quantity is ſufficient —_ 
ſatvrate a given quantity of the nitrous acid, and * opinie 
e ' atura 

Several philoſophers have endeavoured to find meat "hi 
for performing this experiment with the moſl . 
accuracy. The Abbe Fontana has been the moſt lu reid in 
ceſsful: he has contrived an eudiometer, of which ane ford; 


act deſcription is to be found in M. Ingenhouſze's eng 
ments on vegetables. By means of that inſtrume 
the degrees of the purity or impurity of the air may} 
eſtimated with the utmoſt nicety; but, as the au 
himſelf acknowledges, ſuch. {kill and attention arel 
ceſſary in making uſe of it, that to avoid miſtakes 
erroneous calculations is exceedingly difficult. 
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. 11 is farther of conſequence to obſerve, that theſe 
ſly experiments, though extremely ingenious and of con- 
"ith gderable utility, have not been attended with all the 
| fa advantages expected from them, in regard to that 


as A branch of medicine, the object of which is the preſer- 

ration of health. They ſhow what quantity of air fit 
acid, for reſpiration is contained in that under examination; 
mate but they afford no information concerning the manner 
may 


in which the noxious qualities of this fluid affect the 
ſeveral parts of the human ſyſtem with which it is 
brought into contact by reſpiration : they explain not 
how it acts on the ſtomach, the ſkin, or the nerves; all 
of which are affected by almoſt every alteration of the 
air, though only medical obſervations can inform us in 
manner, 

Chemiſts have ſor a number of years been divided in 


intity 
ſſume 
Ir Ie 
Ces N 
whic 
ally 
want 


7 þ their opinions concerning the cauſe of the production 
N of the nitrous acid from the mixture of nitrous gas with 
7 vital air. Dr Prieſtley, the diſcoverer of the fact, is of 


opinion, that nitrous gas is merely nitrous acid ſuper- 
ſaturated with phlogiſton; and that as pure air has a 
greater affinity than the acid with phlogiſton, it therefore, 
entering into combination with it, leaves the nitrous 
acid in a ſtate of liberty. But this theory is far from 
afiording a complete explanation of the phenomenon : 
or when the elaſtic fluids with which the experiment 
's performed are very pure, there is abſolutely no re- 
due left; and beſides, the nitrous acid formed during 
ihe proceſs, weighs conſiderably more than the portion 


ot nitrous gas which was made uſe of to produce it. 
M. Lavoiſier imagined that this property of nitrous 
des — to produce nitrous acid, when brought into con- 


tact 


tat with vital air, might lead him to a knowledge o the 
the component principles of the acid. By combining 1 
two ounces of ſpirit of nitre of known ſtrength, wit 3 
a given quantity of mercury, he obtained 196 cuhic he 
inches of nitrous gas, and 246 cubic inches of vital aj, * 
While the former gas was diſengaged, the mercury 9 
changed its form; after the vital air was diſengaged = 
it returned to a metallic ſtate, when it was found tg = 
have ſuffered no loſs. From theſe facts he deduced the * 


following inferences with great accuracy of reaſoning, Th 
—1. As the mercury ſuffered no loſs during the procek, 


the formation of the elaſtic fluids cannot be aſcribed ts uþ 
it. 2. Theſe muſt therefore have been formed by the And 


decompoſition of the nitrous acid. 3. The mtrous acid 
made ule of on the occafion, the gravity of which ag 
that of diſtilled water as 131,607 to 100, ooo, appear 
therefore to have been formed of three principles, nitrow 
gas, vital air, and water, united in the following propa 
tions to the pound: nitrous gas, 1 ounce 54142 grains; d 
vital air, 1 ounce 7 drams 2x grains; and of water 13 
ounces and 18 grains. 4. Nitrous gas is nitrous acid 
deprived of its oxigene or vital air. 5. In all proceſſe 
in which nitrous gas is obtained, the nitric acid, is de 
compoſed, and its oxigene abſorbed, by the combullibe 
body with which it has a greater affinity. ; 
Yet this opinion is attended with one difficulty. M 
Lavoiſier found that he could not reproduce by tit 
reunion of theſe products the whole quantity of tis 
acid from which they were obtained; at leaſt oo 
halt was entirely loſt : and he had much more pure 


air than was neceſſary for the complete ſaturation d 
the 
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the nitrous gas. He acknowledges himſelf unable to 

ee count for this circumſtance. Macquer imagined it 
lng to depend on the loſs of the phlogiſton, or light, which 
with. conſidered as one of the principles of the nitric acid: 
udic this he thought might eſcape through the pores of the 
| at, ſeſſels during the decompoſition of the acid, leaving 
"VU behind part of its pure air, which being lefs ſubtle, 
gel, BY could not make its way out with the ſame facility, We 
du den ſoon ſee this not to be the true cauſe of the phe- 


| nomenon. 

1 The portion of ſuperfluous gas which remains after 

- the nitrous gas has been ſaturated with vital air, till 
to 


remained an objeQion againſt M. Lavoiſier's theory. 
And though this ſuperfluity was quite a trifle in this 
experiment, as 73d parts of nitrous gas, with 4 parts 
of vital air, left no more than th of their total bulk; 
yet ſtill he was at a loſs how to account for it. In- 
ed he has fince informed us, that the reſidue was 
much leſs when the matters made uſe of were very 
pure and very nicely proportioned. In ſhort, we ſhall 


* g mnediately ſee that vital air and nitrous gas may be 
ö 7 btained fo pure as to combine without leaving any re- 
ce 

b due. 

* No ſuch difficulty occurs in conſidering the aëriform 


ſidue formed by the combination of 16 parts of at- 
noſpheric air with 73d of nitrous gas: we know it to 
de the mephitis or gas azote contained in the atmoſ- 
hheric air. We underſtand likewiſe how the contact 
water comes at length to alter nitrous gas and 
bange it into an acid: it is by means of the air which 
contains. 

But even after this theory of M. Lavoiſier's, the na- 
3 tute 
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ture of nitrous gas ſtill remained unknown; and | 


has ſince been explained by a fine experiment of Ms ben 


ent 
Cavendiſnh's. This chemiſt put into a glaſs tube eye t 
parts of vital air not obtained from. the nitric acid 4 þ 
with three of gas azote or atmoſpheric mephitis; ani very 


by cauſing the electric ſpark to paſs through the mix, Jeſs « 
ture, he effected a great diminution of its bulk, and 


even changed it into nitric acid. The induction which B 
he draws from theſe facts is, that the nitric acid is x acid, 
combination of ſeven parts of vital air to three of g v ni 
azote ; and that, when deprived of a part of the fill; an 
of theſe principles, as happens in the ſolution of me oxige 
tals, &c. it paſſes into the ſtate of nitrous gas: Nitrow phitis 
gas, therefore, is, in his opinion, nothing more than nous 
combination of gas azote with a ſmaller proportion all bunt 
vital air than what is requiſite to form nitrous ac ner t 
Theſe experiments, and the ingenious theory found dot 1 
upon them, throw great light on the formation of 2g bodie 
nitric acid by the putrefaction of animal matters. We tory e 
know that a great quantity of gas azote is diſengaged puenc 
from theſe matters when putrefying; and it is eviden i mne c; 
how neceſſary vital air is for the production of this ac boric, 
as experience ſhows it to be formed by the combinatugl 2. Th 
and fixation of theſe two elaſtic fluids. body, 

It is alſo ealy to determine the difference betw lo mu 
the pure white acid of nitre and the coloured fumut dity, 
acid to which the northern chemiſts give the name ll fuigs 
phlogiſlicated ; or between the nitric and the nitro of con 
acids, The laft is found where the principles are M paratic 
combined in the proportion proper for forming HMuate 0 
pure nitric acid, —that is, when the combination coal t2in p 
fits not of three parts of azote and ſeven of ke rel 
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rene. But as a variety of eiteumſtances, and in 
general all pblogi/licating proceſſes, diminiſh the pro- 
portion of the oxigene, by waſting more or leſs of 
it, hence we may naturally infer, 1. That this acid is 
very liable to alteration, and muſt often be more or 
les coloured and fuming : 2. That in proportion as it 
is deprived of more or leſs of its oxigene, it may pals 
through many ſtates, from that of the pureſt nitric 
acid, which contains the greateſt proportion of oxigene, 
to nitrous gas, which contains not enough to conſtitute 
it an acid: 3. That if nitrous gas be deprived of what 
oxigene remains in it, it becomes gas azote or me- 
phitis : 4. That as the mutual adheſion of the oxige- 
nous and azotic principles is very trifling, moſt com- 
buſtible bodies having a greater affinity with the for- 
mer than the azotic principle has; the nitric acid can- 
dot but be decompoled with great facility by many 
bodies. Theſe four remarkable particulars in the hiſ- 
tory of the acid of nitre, ſerve to explain a great many 
phenomena, We now underſtand, 1. That in this acid 
the gas azote and vital air have loſt much of their ca- 
loric, and are therefore reduced to azote and oxigene. 
2. That when this acid is decompoled by a combultible 
body, the nitrous gas then diſengaged does not require 
lo much caloric to maintain it in a ſtate of elaſtic flui- 
dity, as vital air and gas azote. 3. That theſe two 
fluids cannot combine when in a gaſeous ſtate. 4. That 
ot conſequence the vital air obtained from nitrous pre- 
parations ſtrongly heated, ſuch as red precipitate, ni- 
trate of lead, common nitre, &c. mutt contain a cer- 
tain proportion of mephitis or azotic gas ; of which gas. 
dhe reſidue, remaining after the union of the vital air 
| | with 
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with the nitrous gas, conſiſts. No ſuch reſidue is eq 

obſerved to remain, when the vital air made uſe of jy 

been obtained from the leaves of vegetables or fron 
manganeſe. 5. That the caſe is ſometimes the ſans 
with nitrous gas; it may contain a portion of gy 
azote or mephitis: and this happens when this gas f 
prepared with bodies which, being very greedy of oxi. 
gene, abſorb it almoſt entirely from the nitric acid; 
ſuch as iron, oils, &c. 6. That the nitrous acid when tic 
coloured, and containing an exceſs of nitrous gas 
of azote, or the baſe of mephitis, is in a ſtate very df. 
ferent from that in which the two principles are nol def 
more than mutually ſaturated ; and that as the diſ mou 
rence between theſe two ſtates of this acid is ſo yer 
conſiderable, they ſhould therefore be diſtinguiſhed by: n 
different names. To the white acid, which, though | 
the moſt uncommon, 7s the pureſt, we give the name 
of the nitric acid, obſerving the ſame analogy in thi 
as in the reſt of our new denominations ; and to iu 
neutral ſalts we give the name of nitrates, The re 
again we call the nitrous acid, and its ſaline combins 
tions nitrites. There is indeed but ſeldom occaſion to 
ſpeak of the laſt of theſe claſſes of neutral ſalts: far 
though the red and fuming, or the nitrous, be the mol 
common of the two acids, it very ſeldom retains in 
proper character when united with alkaline baſe; 
the ſuperfluous quantity of the nitrous gas uſually e- 
capes as the combination is taking place, and whit 
remains is pure nitric acid. 

The affinities of the nitric acid with the alkaline 
baſes are the ſame as thcſe of the muriatic ; and Ber 
man arranges them in the ſame order, as follows, 
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es, potaſh, ſoda, lime, magneſia, ammoniac, alu- 
minous earth, According to that celebrated chemiſt, 
he nitrous or phlogiſticated acid has the ſame affinities 
the pure acid of nitre. It is ſtronger than any of 
he preceding acids, and diſengages the carbonic, fluo- 
c and muriatic acids, from their baſes. 

The acid of nitre, under the name of ayquafortis, is 
pplied to a great many purpoſes in the arts; more 
articularly, it is uſed to diffolve mercury, copper, ſil- 
er for hatters, engravers, and gilders, in aſſaying and 
orking metals, &c, It is likewiſe uſed in ſurgery, 
0 deſtroy warts and other little indolent uninflamed 
mours. It is uſed in many pharmaceutical prepara- 
ons, ſuch as mercurial water, red precipitate, the alka- 
r martial tinfture, the yellow unguent, &c. &c. We 


og l take notice of theſe and the other uſes to which 
name is applied in their proper places. 

| thy 

0 5 Species V. The Sulphuric Acid. 

e re 


Taz ſulphuric acid, which has hitherto been called 
ie vitriolic acid, is a very cauſtic faline ſubſtance, 


: uch, when concentrated, burns and cauterizes the 
main, reddens ſyrup of violets without deſtroying its 
ns bur, and when diluted in a large proportion of wa- 
ales r, has a ſour, ſtiptic taſte. This acid, when pure, 


ppears under the form of a very tranſparent oleagi- 
bus fluid, twice the ſpecific weight of diſtilled water, 
litute of ſmell, and united with water, from which 
lere are as yet no means known of ſeparating it. It 
6 received the name of the vitriolic acid, becaule it 
ed formerly to be obtained from martial vitriol by 
Vol. I. B b diſtillation. 
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diſtillation. At preſent it is obtained both in Franc, 
and England by the complete combuſtion of ſulphy 
as we ſhall explain more at large when we come t 
give the hiſtory of that combuſtible ſubſtance. f 
nature, therefore, and the manner in which it is 0 
tained, render it moſt proper to give it in a methodicy 
and regular nomenclature, the name of the ſulphur 
acid. 

When highly concentrated, it is from its conſiſte 
named very improperly oil of vitriol. 

This acid is ſuſceptible of a concrete form; which 
may be made to aſſume either by expoſing it to cold 
we ſhall afterwards fee, or by combining it with van 
ous elaſtic fluids, 

We know not yet, in what manner light acts ont 
ſulphuric acid. Some chemiſts have aſſerted, ti 
when oil of vitriol is expoſed in cloſe veſlels to the n 
of the ſun, it gradually aſſumes a colour, and there 
even ſome fulphur formed. But this fact is not alt 
gether eſtabliſhed by proofs; nay, there is even 
ſtrong probability againſt it; for we ſhall hereafter! 
that the ſulphuric acid cannot become ſulphur witha 
loſing its pure air or oxigene ;—and it is evident th 
ſuch a ſeparation cannot take place in cloſe veſlels, 

Stahl thought the ſulphuric acid to be diſſuſed throug 
all nature, and to be the principle of all other 20 
The firſt of theſe aſſertions was founded on this 
that linen impregnated with potaſh, and expoſed 
the air, is at length converted into ſulphate of potal 
that is, into a neutral ſalt formed by the union of! 
alkali with the ſulphuric acid. This aſſertion is atÞ 


ſent known to be fallſc ; for ſuch linen contains nd 
| a! 
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om of ſulphate of potaſh, but a good deal of carbenate 
# potaſh, or the combination of this alkali with the 
arbonic acid. With reſpect to the ſecond, nothing 


Ne tt 
„ a be more improbable. Late experiments have ſhown 
bat each of the acids is formed of peculiar principles; 

ad that there is no principle common to one with ano- 


her of them, but the baſe of vital air, which is common 
p them all. G 

The ſulphuric acid, when heated in a retort, ſoon 
ſes part of its water, is in ſome degree concentrated, 
ad is not volatilized unleſs expoſed to a ſtrong heat. 
coloured, it loſes its colour by the action of the fire, 
nd becomes white. This double change which it under- 
ves at one time, is called the concentration and rect iii. 
ation of the acid. While it is taking place, a very 
lorous and penetrating gas is diſengaged, which was 


he me colouring principle of the acid, and with which we 
there Wall afterwards get acquainted under the name of the 
ot a bureoutf acid gas, Although this proceſs appear to 
even Hader the ſulphuric acid whiter and more pure, yet it 


uſt be carried farther when we with to obtain the 
id in its higheſt purity : in fact, in this ordinary con- 
tration, we only free the acid of the water and the 
phureous acid gas united with it, without ſeparating 
y of the fixed matters, by which it may likewiſe be 
tered : To effect this, we mult diſtil the acid to dry- 
's, by changing the receiver, after performing the 
t part of the operation: there remains then in the 
tort a ſmall quantity of a white reſidue, which is 
und to contain ſulphate of pot-aſh, and ſome other 
llances which are diſſolved in the acid as it is 
med, 
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The concentrated ſulphuric acid attraQs moiſture 


when expoſed to the air, and loſes part of its ſtrength "Inn 
and cauſticity : it at the ſame time aſſumes colour, de. Thi 
riving it from the combuſtible matters which float in quartZ 
the atmoſphere, on which this acid acts with no ſmall vith tl 
force, It often abſorbs nearly twice its own weight dt It com 
water from the atmoſphere. Ie, 
The Duke d'Ayen, by a ſeries of curious exper. ed 
ments, performed during the violent cold in the monie 
of January 1776, has ſhown, that this acid, when ine. 0 
highly concentrated, may be made to freeze by expel ur; fi 
ing it to the cold temperature of from 619 15, n ſul 
65 45'; but when diluted in two or four parts vi fa: 
water, is no longer liable to the ſame change of fe bot ite 
by cold: and that if when frozen it be left expo er the. 
to the air, it ſoon becomes fluid, even though ng the 
cold be more intenſe than that which cauſed it . The 
freeze. This laſt phenomenon is owing to its abſa ddt as | 
ing water from the atmoſphere, and to the heat pig; Tha 
duced while the two are entering into combination. b Tho 
The ſulphuric acid unites with water, diſplaying, When u. 
it enters into union with it, all the phenomena of great q 
ſudden penetration and an intimate combination. White v 
produces at the ſame time a lively heat and a ſom me mu; 
hiſſing; a peculiar fetid odour is likewiſe diſengage}; th 
The hiſſing noiſe excited on this occaſion is owing to MHgenated 
diſengagement of the air contained in the water, wich ui 4c; 
is ſeen to make its way out in the form of little bubb**WMl:ck«c 
The taſte of the acid, when thus diluted in water, is mu is colo. 
weaker than in its concentrated ſtate, its fluidity is MWnmixture 
more conſiderable, and it now bears the name of ens. 4. 
of vitricl. The water may be volatilized by beau bas the 
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t; and it may be thus reſtored by concentration to the 
ute of concentrated ſulphuric acid. 

This acid acts not in any manner on ſiliceous earth or 
quartzoſe ſtones, nor on the ſame earth when melted 
with the admixture of ſmall pieces of the fixed alkalis. 
It combines with aluminous earth, barytes, magneſia, 
lime, and alkalis. In theſe combinations it forms alu- 
minous ſulphate, or a/um ; barytic ſulphate, or ponderous 
ar ; ſulphate of magneſia, or Ep/om ſalt 5 ſulphate of 
lime, or /elenite 5 ſulphate of potaſh, or vitriolated tar- 
ur; ſulphate of ſoda, or Glauber ſalt ; and ammonia- 
cal ſulphate. Its elective attractions far theſe ſalts are 
the ame with thole of the muriatic and the nitric acids; 
but it adheres more firmly to theſe ſubſtances than any 
of the other mineral acids; and is capable of diſengag« 
ng them. 

The action of the ſulphuric on the other acids has 
not as yet been properly examined; we know only, 
1, That it abſorbs great quantities of the carbonic acid, 
2, That it unites ſo readiiy, with the muriatic acid, that 
when we mix the two together, heat is excited, and a 
great quantity of muriatic acid gas 1s diſengaged in 
white vapours. Boerhaave, in his Chemiſtry ſays, that 
the muriatic acid renders oil vitriol concrete : per- 


laps this property may be found to belong to the oxi- 
genated muriatic acid. 3. That if the pure white ni- 
nc acid be poured on a quantity of ſulphuric acid 
blackened by ſome combuſtible 'body, it deprives it of 
ts colour, and renders it tranſparent; and when this 
Mixture is heated, it exhales a quantity of nitrous 
as. 4. That nitrous gas when united with this acid, 
bas the power of making it aſſume a concrete form; as 

B b 3 will 
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will be ſhown more particularly in the atticle of the de. 
compoſition of nitrate of potath by means of ſulphate 
ron, | 


fulpb: 
than 
and e 


The manner in which the ſulphuric acid ads A |:7: ! 
combuſtible bodies, leads us to an idea of its nature au rapid 
component principles. Whenever any combuſtibe camp 
body, ſuch as a metal, or ſtill more a vegetable or ai us 
animal matter, is brought into contact with the con bas b 
centrated ſulphuric acid, that body paſſes ſooner or H Plicat 
ter into the ſtate of a burnt matter, and the acid is to bee 
compoſed. Th 

All matters containing oil, become black, if imme phuric 
fed in ſulphuric acid concentrated and cold, Tha eutre 
acid firſt aſſumes a brown colour, which ſoon paſ the la 
into a black. If an inflammable ſubſtance in combulW Porta 
tion, ſuch as a burning coal, be immerſed into a quan in thi 
tity of ſulphuric acid, the acid immediately afun win 
the ſmell and volatility of burning ſulphur ; a whit Kc. 

ſmoke ariſes from it, of a lively ſuffocating ſmell. HM inen 
in order to comprehend better what paſfes when thel object 
combinations take place, we bring this acid into coll '*"? ! 
tact with ſome combuſtible body of a more ſimple chu Bucqt 
rater than organic ſubſtances, whoſe alterations ma conſec 
be more eaſily traced and eſtimated, we may then the ſu 
tain a knowledge of the principles of the ſulphuric ory, 
cid, If we heat for this purpoſe a mixture of this a tort 
concentrated, with mercury, in a glaſs retort, the beatec 
tremity of which enters a bell- glaſs filled with this meulgh ©" f 
lic fluid; as ſoon as the acid is brought to boil, it em pure 
a permanent gas of a ſtrong pungent ſmell, reſembli . 1 
Sori, 


that of burning ſulphur. 
The atriform fluid is known by the name 
ſulphur 


Of its 
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fulpbureour acid gas : it is ſomewhat more ponderous 
than air; it extinguiſhes light, kills animals, reddens 
and diſcolours ſyrup of violets. According to Dr Prieft- 
ley, it enters into combination with water with leſs 


e de. 


tet 


's on 
oF copidity than the muriatie acid gas; it diffolves chalk, 
ti. camphor, and iron; coals, and all bodies that are po- 


tous in any conſiderable degree, abſorb it. Though it 
has been conſidered as a permanent gas, yet by the ap- 
plication of an intenſe cold, it may be condenſed fo as 
to become liquid. M. Monge accompliſhed this. 
The ſulphureous is a certain modification of the ſul- 
phucic acid, which combines with the alkalis to form 
neutral ſalts different from thoſe which they form with 
the latter. Stahl, who had obſerved all of theſe im- 
portant phenomena with great attention, thought, that 
in this inſtance the phlogiſton of the metal, uniting 
with the acid, communicated to it odour, volatility, 
Kc. But as that great chemiſt did not carry his expe- 
timents far enough, he could not foreſee, that a ſtrong 
objection againſt this doctrine might be drawn from the 
very fact on which it was founded, M. Lavoiſier, M. 
Bucquet, and myſelf, have each' of us examined the 
conſequences of this reciprocal action of mercury and 
the ſulphuric acid. When the mixture is white and 
dry, but a very ſmall quantity of ſulphureous acid gas 
is formed ; if this mercurial ſulphate be then ſtrongly 
heated, a little water, and a gas quite different in na- 
ture from the former, are diſengaged ; the gas is very 
pure vital air, While this gas eſcapes from the mix« 
ture, the mercury is gradually reduced, and regains all 
its original properties, not ſo much as an eighth part 
0! its quantity being loſt. From this it appears, that 
B b 4 as 
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(ch it, that body decompoſes the acid, by abſorbing 
be oxigene- 3. That when the combuſtible matter 
Joes not carry off all the acidifying principle, as hap- 
pens in moſt of the ſolutions of metals effected by the 
ſulpburic acid, what is ſeparated is not pure ſulphur, 
but but ſulphureous acid gas. 4. That this gas is a kind of 
ntermediate body between ſulphur and the ſulphuric a- 
til; and is to be conſidered as differing from the acid, 
only by containing a ſmaller proportion of oxigene; 
from ſulphur, only by containing ſo much oxigene as 
renders it faintly acid. To cauſe it to paſs into the ſtate 
if real ſulphur, all that we need to do is, to drive off that 
portion of the baſe of vital air which it contains; as hap- 
pens towards the end of the proceſs in which metals are 
ſolved by the ſulphuric acid, when theſe ſolutions are 
rongly heated and made to evaporate. We now like- 
iſe underſtand how the ſulphureous is gradually con- 
erted into the ſulphuric acid, by abſorbing the oxigene 
{ vital air contained in the atmoſphere. 

The ſulphureous acid gas 1s capable of uniting in a 
ery intimate manner with the ſulphuric acid, and it 
den communicates to this acid the property of exhaling 
thick white vapours. Meyer, 1n his Chemical Eſſays, 
In the article of Quick lime, mentions a fuming oil of vi- 
rial, prepared at Northaauſen in Saxony, from a diſtil- 
ation of common vitriol. He likewiſe follows Chriſtian 
dernhard, a German chemilt, in mentioning a concrete 
uming acid ſalt obtained from this acid by diſtillation. 
inding an opportunity of procuring in Paris a conſide- 
able quantity of this ſulphpric acid of Saxony, I 
dlerved it to poſleſs the properties aſcribed to it by 
leyer, and obtained from it, by uſing a gentle heat. 


3 cryſtallized, 
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cryſtallized, concrete, volatile ſalt, fuming and delique- 
cent, under two different fofms, according to Chriſtian 
Bernhard's account of it, I am convinced, from yariou 
experiments related in a memoir of mine, read in the 
Royal Academy of Sciences in the year 1785. 1. That 
the property poſſeſſed by this black ſulphuric acid of 
Northaauſen, of fuming and affording a concrete vol. Wi nd th 
tile ſalt, depends on its containing a great quantity d fulbur 
ſulphureous gas. 2. That in proportion as it loſes tu o ho 
gas by being expoſed to the air, it ceaſes to exhale n. excess 
pours, and loſes its power of affording concrete falt 

3. That water diſengages this gas, and deprives the (ul 

phuric acid of Saxony of its property of fuming, &, Exp. 
4. Laſtly, That the fuming concrete acid ſalt obtaineli mon 
from this acid by diſtillation is a ſaturated combination nation 
of ſulphuric acid with ſulphureous gas, which when er. by Hor 
poſed to the air, gradually paſſes into the ſtate of con fince n 
mon ſulphuric acid. We are therefore acquainted wilt we cho 
two concrete ſulphuric acids, one of which owes its confi irs nam 


cretion to nitrous gas, the other to ſulphureous acid gui the och 
I make no doubt bur the number of concrete acids may Man 
be one day increaſed, by ſome other modifications d product 
of the ſulphuric acid reduced to ſolidity by other gat in obtai 


ſuch as oxigenated muriatic gas, &c. M. Hoe 

The ſulphuric acid is made uſe of in many of te has dif, 
arts, more eſpecially by the dyer and the hat-mak 
&c. It is one of the moſt common and uſeful mes 
firuums in the laboratory. In medicine it is external 
applied as a very uſeful cauftic, and internally as a f. 


country 


rotondo 


| * The 
freſhing, cooling, and antiſeptic medicine; but in e lay. 
caſe, it muſt be diluted in water till it have ſcarce Ms 
ISAS FEYST. lar hurie: 
jenfible acidity. _ 
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The ſulphureous acid is uſed in dyeing, for whitening 
flks, taking out ſtains, &c. 

As theſe two acids are combinations of ſulphur and 
oxigene in different proportions, their names ought to \ 
de analogous to their nature: to us they appear to be | 
deſt diſtinguiſhed by the names of the ſulphuric acid, 
and the /ulphureous acid. The termination of the word | 

| 
| 


— wn 
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fulpbureous, ſerves in this, as well as in other inſtances, 
to ſhow that the acid to which it belongs contains an 
excels of the combuſtible baſe “. 


Species VI. The Boracic Acid. | 


FxepERIMENTS made by a great many chemiſts have 
ſhown borax to be a neutral ſalt formed by the combi- — 
nation of ſoda with a peculiar acid : this acid was called | 
by Homberg, its diſcoverer, /edative falt, It has been 
n- fince named the acid of borax, and the boracine acid; 
we chooſe rather to call it the boracic acid, in order that 
name may terminate in the fame way as the names of 
che other acids. 
af Many chemiſts have thought this acid to be merely a 
product of art formed by the combination of the ſalts uſed 
"" '" obtaining it with ſome principle of borax: But ſince 

M. Hoefer, apothecary to ths Grand Duke of Tuſcany, 
aba diſcovered that the waters of ſeveral lakes in that 
<F country, tor inftance, thoſe of Caſtelnuovo and Monte- 
rotondo, maintain 1n ſolution a conſiderable quantity of 
MW; very 
I * The ſulphuric acid is found, diſengaged, in nature, in ſome parts 
"== ©! !taly. Baldaffari has obſerved it, in this ſtate, in a grotto in Tuſ- 


. at St. Albino, and at the lakes of T'ravale. Vandelli relates that 


- . . . * * * . 
"Upturic zcid is ſometimes found diſſolved in water, in the environs of 


* ® - — . . * 
a and Viterbo. M. Dolomieu found it in pure cryſtals in a grot- 
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very pure boracic acid; we can no longer entertain: dens 
doubt of its being a peculiar acid. The chemiſts of tie flow! 
academy of Dijon have confirmed this diſcovery ; oy Wl quan! 
examining a quantity of water from the lake Montero. vater 
tondo ſent them out of 'Tuſcany, they found it to con- part 
tain the ſalt which M. Hoefer had aſcribed to it. EM pour 
very likely that the ſame ſalt may be found in other of the 
mineral waters: it appears, as we ſhall hereafter men. dry, 
tion, to be formed by the putrefaction of fat bodies. that 
The boracic acid, whether native or obtained fon meltir 
borax, by proceſſes which we ſhall have occaſion to de. ner w 
ſcribe under the article of that neutral falt, is a con. it is 
crete matter, cryſtallized in ſmall white ſcales, ver form, 
thin, irregularly formed, figured round their edges ces, i 
extremely light, and ſometimes glittering. It has name 
weak, yet a ſenſibly acid taſte, It communicates 1 The 


faint red to tincture of violets; but has a much ſtronger Wi «nd t 
effect on that of turnſol, mallows, raddiſhes, &c. faintly 
When expoſed to heat, it is not volatilized ; but it WW the ea 
melts when made red hot into a tranſparent glaſs ; and ites 1 
the glaſs becomes opaque, and is covered with a light forms 
white duſt when expoſed to the air. This glaſs is the culiar 
boracic acid unaltered ; it regains its Jamellated ſom 7ates, 
when diſſolved in water, and cauſed to cryſtallize. one ſpe 
The boracic acid ſuffers no ſenfible alteration from The 
the action of the air, whether it be dry, or moiſt, huis taſt 
or cold, to blu 
It diſſolves in water, not without difficulty ; for, 2. 0 an 
cording to the academicians of Dijon, a pound of bo Part ; : 
ing water diſſolves no more than 183 grains of this all of t] 
cid; when cooled and partly evaporated, it returns 0] Gileng: 
its cryſtalline form. This ſolution inflantaneouſly re bines, 


dens 
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dens the tincture of turnſol, and alters, though more 
the ſowly indeed, the colour of ſyrup of violets. When a 
quantity of the boracic acid, moiſtened with a little 


on 
no. Vater, is heated in a cucurbite, fitted with a capital, 
on. part of the acid is ſublimated together with the va- 


t is WY pour ariſing from the water; but as ſoon as the whole 
her of the water is volatilized and the boracic acid left 
dry, the ſublimation ' ceaſes: from which it appears 
that the acid is of itſelf fixed, as may be ſhown by 
melting it in a crucible, By ſublimating it in this man- 
de. ner with water, if the proceſs be ſkilfully conducted, 
it is obtained under a beautiful ſparkling cryſtalline 
form. The boracic acid, after paſſing through this pro- 
ceſs, is very pure, and is known in pharmacy by the 
name of ſubl:mated ſedative ſalt. 

The boracic acid ſerves as a flux to filiceous earth ; 
and the glaſs which they form together is white or 
faintly coloured. With the help of heat, it diſſolves 
the earth precipitated from the liquor of flints. It u- 
nites with barytes, magneſia, lime, and alkalis; and 
forms by its union with theſe ſubſtances a claſs of pe- 
culiar ſalts, diſtinguiſhed by the general name of 60- 
rates, of which we are well acquainted with none but 
one ſpecies. | 

The whole of theſe properties, but more. eſpecially 
us taſte, and the red colour which it communicates 
to blue vegetable tinctures, ſufficiently diſtinguiſh it 
as an acid, But it ſaturates alkaline baſes only in 
part; and is known to be the weakeſt of all acids, as 
all of the others, not even the carbonic acid excepted, 
diſengage it from the ſubſtances with which it com- 
bines, h 
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The action of the other acids on the boracie is ng 
well known. It appears to effect a partial decompo 
fition of the ſulphuric acid; for when diſtilled on thi 
ſalt, the ſulphuric paſſes into the ſtate of ſulply, 
reous acid. As to the nitric and the muriatic acid 
we know that they diſſolve it; but the phenomem 
which take place on that occaſion have not yet 
been ſufficiently attended to, to enable us to deter. 
mine whether or not a mutual decompoſition then take; 
place, 

A diverſity of opinions prevails concerning the nz. 
ture and the formation of the boracic acid. A num 
ber of chemiſts have believed it to be an intimate com. 
bination of the ſulphuric acid, and vitrifiable earth 
with a fat matter. Meſſrs Bourdelin and Cadet think 
it to be formed by the muriatic acid, The latter d 
theſe two gentlemen thinks that it muſt contain a (mal 
quantity of earth of copper, becauſe it has the ſame 
property with the oxides of copper, of communicat- 
ing a green colour to the flame of combuſtible bodies 
Cartheuſer aſſures us, that on drying and calcining by 
the action of a ſlow fire, a quantity of the boracic acit 
in a ſtate of great purity, he obſerved it to emit vapoun 
of the muriatic acid; and that on diſſolving this {alt 
thus dried, and filtrating the ſolution, he found 1 
grey earth remaining after the filtration; and laſtly, that 
by many repetitions of this calcination and ſolution, hea 
lengthaccomplithed the entire decompoſition of the bo- 
cic acid, and found it to be a modification of the ms 
riatic acid fixed by an earth. This experiment ht 
been repeated by Mefits Macquer and Poulletier de 


Salle; they obſerved an odorous vapour to be dilenga 
ed 
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ad during the calcination of this ſalt, but they were not 
able to diſtinguiſh from its ſmell that it was muriatic a- 
cid. By repeated deficcations and ſolutions, they ob- 
ined a ſmall portion of grey earth; but the earth, 
when united with the muriatic acid, did not form ſeda- 
tire ſalt, as Cartheuſer had given out; and of conſe- 
quence this chemiſt's opinion appears to be no better 
ſupported than the reſt. Model thought this ſalt to be 
a combination of a peculiar alkali with the ſulphuric a- 
cid, which is uſed in diſengaging it. But this opinion 
cannot-be admitted; for the boracic acid is always the 
fame, whatever be the acid uſed to precipitate it. M. 
Baume ſays, that he found means to produce the bo- 
ncic acid by leaving a mixture of greaſe and clay 
to macerate for 18 months. At the end of that time, 
he obtained from it, by lixiviation, a falt in ſmall 
ſcales, with all the properties of /edative ſalt. From 
this he concludes the boracic acid to be a combina- 
tion of the acid of greaſe with a very fine earth, 
which it is impoſſible to ſeparate entirely from it. He 
adds, that the ſame ſalt may be produced with vege- 
table oils, but more ſlowly. M. Wiegleb repeated M. 
Baume's experiment, but without obtaining boracie 
acid, a 

Chemiſts at preſent think this to be a peculiar acid 
differing from all others, and poſſeſſing certain charac- 
teriſtics of its own. Its elective attractions for alka- 
line baſes are arranged by Bergman in the following 
order; lime, barytes, magneſia, potaſh, ſoda, ammo- 
nac, As they differ greatly from thoſe of the other 
acids above- examined, they afford an additional proof 


of 
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of the peculiarity of the nature of this acid, whoþ 
component principles remain ſtill unknown. 

The uſe of the boracic acid in medicine, was firfl in. 
troduced by Homberg, who aſcribed to it quieting 
narcotic qualities, and gave it the name of ſedative ſal, 
or volatile narcotic ſalt of vitriol, becauſe he had ob. 
tained it by ſublimating a mixture of nitre and vitru 
But experience has fince ſhown the medical virtues of 
this ſalt to be but very moderate; at leaſt it muſt be 
given in a much ſtronger doſe than Homberg has direc. 


ted, in order to produce the effects he aſcribes to it; and 


it is very properly rejected, as we have many other me. 
dicines of the ſame claſs, whoſe effects are much more 
certain, | 

It is uſed in many operations of chemiſtry, and in 
the aſſaying metals as a flux. We will ſpeak of its ap. 
plication to this purpoſe in a ſubſequent chapter®. 


CHAT 


The water of the lake Cherchiajo, near Monterotondo, in ti 
Lower Sienneſe, afforded to M. Hoefer, three ounces of pure acide 
borax, out of an hundred and twenty pounds of the water: 12,26 
grains of the water of the Lake of Caſtelnuovo, afforded 129 grand 
pure boracic acid. Some pure boracic acid was collected in the min 


of Tuſcany by M. Beſſon. Mr Weſtrumb found borax in the a 
quartz of Limeburg —H. 
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Me. " " 
more OzDer II. Sxconpary, or NEUTRAL SALTS. 
id in * 


ND ER the name of /econdary ſalts, are compre- 

hended all ſuch ſubſtances as are formed by the 
ombination of two primary ſaline matters. They 
ave received the name of neutral ſalts, becauſe they 
polleſs not the characteriſtics of primary ſalts; that is, 
hey are neither acid nor alkaline. Yet ſeveral of them, 
neh as borax, chalk, and alkalis when united with 


in WV carbonic acid, exhibit, though in an inferior de- 


acid of | 
are, ſome of the properties of primary ſalts. Theſe ſe- 'F 
indWWondary ſalts have not ſo ſtrong a taſte as moſt of the | 
» mine | 


mary ; nor do they diſſolve, or enter into new com- 
nations ſo readily. But, what principally diſtin- 
juſhes them from the primary is, their inability to 


ve ale 


onnunicate ſaline properties to other bodies. Their 
[yſtalline form is another characteriſtic by which 
hey are diſtinguiſhed ; it merits the attention of the 
Vox. I, Cc naturaliſt; 
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naturaliſt ; but, though it ſometimes determines the; 
nature, it alſo occaſions frequent miſtakes, 

The term baſe, is commonly uſed to denote the 
more fixed part of the compoſition of neutral ſalts, 1, 
this baſis, which is fometimes. volatile, communicate 
ſeyeral pretty uniform general charaReriſtics to the u 
rious combinations with acids, of which it admits, we ſal 
uſe the name of the baſe, to diſtinguiſh the genera d 
ſecondary ſalts. Theſe ſalts may then be divided into 
many genera as there are ſaline or alkaline baſes car 
ble of being united with acids, 

The firſt genus comprehends all ſuch: as are formel 
by the union of the two fixed alkalis with any of the 
acids. Theſe we ſhall denominate perfect neutral ſal; 
becauſe the union of their component parts is very in 
timate: | 

The ſecond genus includes thoſe ſalts which at 
formed by the combination of volatile alkali, or amns 
niac with acids. They have received the name of a 
moniacul ſalts, from the modern name of their bal 
They may allo be called imperfect ſalts, becauſe they 
are much eafier decompoſed than thoſe of the forme 
genus. 

In the third genus are ranked ſach as have lime f 
their baſe, Theſe are in general more imperfect tha 
thoſe of the ſecond genus, although lime has a ſtrong 
affinity than ammoniac with the acids, as will be att 
wards particularly ſliowr. They are denominated 
careous neutral ſalts. 

The fourth genus conſiſts of combinations of mil 


nucſia with various acids, Theſe ſalts axe {till more e 
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fly decompoſed than thoſe of the laſt mentioned ge- 
us; becauſe acids have a ſtronger affinity with lime 
ind alkalis than with magneſia. Their proper name is 
menefian neutral =_ or neutral ſalts with a baſe of 
ea. i 
To the fifth genus belong thoſe of which the baſe nt 
pure argillaceous or aluminous earth. Alum being 
the chief of theſe combinations, they have received the 
encric name of aluminous ſalts, Aluminous neutral 3 
ts are almoſt always decompoſed by the operation of 1 
lkalis, lime, and magneſia, * 
Laſtly, To the ſixth genus we aſſign neutral ſalts, 
zving a baſe of barytes or ponderous earth. Both theſe 1 
nd the greater part of the two preceding genera are | 
but very little known. Barytic /alts'is the diſtinctive 
ime of this genus. 
It may be eafily imagined, that theſe feveral ba- 
ee, when combined with the acids whoſe properties 
je have examined, muſt afford a very conſiderable 
umber of neutral ſalts : and this number will be much 
nore conſiderable, if, with Bergman, we admit as di- 
nt ſalts the various combinations of theſe ſame 
jaſes with thoſe acids which he calls phlogifticated ; and _ 
ach, according to the modern doctrine, are deprived | 
ba part of their pure air or oxigene. But as theſe 
ompounds are liable to alterations on coming into con- 
act with air, which cauſes them almoſt inſtantly to aſ- 
ume the character of real neutral ſalts, it ſeems impro- 
per to add them to a liſt which is already but too nume- 
ous; we ſhall, however, point out what peculiar pro- 
erties they acquire from the ſtate of their acids. We 
Cc2 mult 
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* muſt obſerve farther, that although the alkaline baſs 
here enumerated, when combined with aqua regia, a. 


: . Cenu 
ford a mixture of nitrous and marine ſalts, yet as thels 
may be obtained ſeparate, and are perfectly the ſame 
with thoſe produced by the fimple acide; wems 
therefore, to take notice'of them only when ſpeaking 
of the combination of alkaline baſes with the imple gor 
cids. Having hitherto examined no more than fix ww 
cipal acids, we are to treat only of the neutral (ling 0 
combinations into which theſe enter. | 1 
In the arrangement of the ſeveral ſpecies of the ne fulph 
tral ſalts, the moſt natural order ſeems to be thy miner 
of the affinities of the acids: and, therefore, through: quan 
the genera, we begin with ſulphatic ſalts, proceeding Thi 
from them to the nitric; after which we treat * ranſp 
ſively of thoſe whoſe baſes are combined with t 1 
Tine, the boracic, the fluoric, and the carbonic aci they a 
the laſt of which is the weakeſt of all. i way, 
That our nomenclature may be We inet pyrami 
the nature of the” ſubſtances - to which it refers, i mes, 
name which we affix to each of theſe ſalts is fded p 
Pounded of the name of its acid and that of its nach! 


and the various names by which any _— 
has been known at different periods are carefully 
Joined. | 
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Cass I. Perfect Neutral Salts, or Salts with a baſe 
= of fixed Alkali. 

ame | | 

can, . 

* Species I. Sulphate Potaſb. 


le. 
pri. 


SULPHATE of potaſh, which has been alſo called vi- 
wiclated tartar, Sal de duobus, Polychreſt ſalt, and Ar- 
canum duplicatum, is a perfect neutral ſalt, reſulting, 
is its new name denotes, from the combination of the 
ſulphuric acid with potaſh. It ſeldom appears in the 
mineral kingdom ; but a few vegetables contain a ſmall 
quantity of it. | 

This ſalt is generally in a greater or a leſs degree 
tranſparent and regular; its cryſtals differ in form and 
magnitude, according to the circumſtances in which 
they are obtained. When formed ſlowly in the ſmall 
way, they aſſume the figure of tranſparent ſix- ſided 
pyramids, nearly ſimilar to roſe-diamonds ; and ſome- 
times, though leſs frequently, they take the form of ſix- 
hded priſms, terminating in two hexahedral pyramids, 
uch like rock cryſtal, But if the evaporation be very 
rapid, the cryſtals are agglutinated into one maſs, under 
he form of a ſolid cruſt, — of which is cover- 
d with ſmall irregular pyramidal ſpikes: of this kind is 
he ſalt of this name met with in commerce. Laftly, 
hen, in order to obtain the cryſtals as regular as pol- 
ible, a ſolution of this ſalt is expoſed to a gentle ſpon- 
aneous evaporation by the heat of the atmoſphere, its 
E'yſtals are generally ſolid twelve-ſided figures, joining 
the baſe, and ſometimes ſeparated by a ſhort fix-fided 
lm, Theſe indeed are uſually foul, and at no time 
Cc 3 equal 
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equal the whiteneſs and tranſparency of thoſe which am Wl for M 
obtained by the former proceſs of evaporation. Ry; Later 
one imperfection attending moſt of theſe neutral (a WMpotaſh 
is, that they are either of a dark colour or an irreguly note 
figure. Ws in its C 

Sulphate of potaſh has a very diſagreeable bitte Wwhen 
taſte. Fire produces but little alteration upon i. Sulf 


When laid on burning coals, it breaks with noiſe into 
a number of little pieces: This phenomenon, which is 
called decrepitq ion, ariſes from the ſudden rarefaftig 
of the water which entered into it when it was cryſtal. 
liſed. But ſulphate of potaſh loſes none of its eſſenti 
properties by decrepitation. It decrepitates in the ſam 
manner when expoſed to the action of fire in a cry 
cible, and becomes dry, friable, and even pulverulent, 
by loſing the water which it contained: it becomes tel 
before melting, and a ſtrong fire is requiſite to bring it 
to fuſion. If expoſed to cold when in a ſtate of i 


fion, it becomes an opaque maſs, friable, and ſoluble i Lime 
it appears likewiſe to have ſuffered no alteration of ut ma 
principles; for it regains its tranſparent and cryſtalline WMlilcove 
form on being diſſolved in water. If kept for a wiireater 
in the ſtate of fuſion in an open veſſel, it is volatiliieWeontair 
but without being decompoſed. ty of 

Sulphate of potaſh ſuffers no alteration from air. Wotaſh. 
remains in its cryſtalline ſtate, without ſuffering e ac! 
change either of form or of tranſparency, It is cube tin, 
ſoluble in water; yet the difficulty of diſſolving it ee, a 
greater or leſs according to the temperature cf tonic : 
fluid. According to Spielman, about 18 parts of cli. Bat 
water are required to diſſolve 2 of this ſalt. But bay-kes p 
ing water diſſolves it nearly in the proportion of 4 to at th 


It 
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er M. Baume aſſures us, that 4 ounces of boiling! 


11 WY r2ter diſſolve 7 drams and 48 grains of ſulphate of 


ls WM potaſb. It is cryſtalliſed partly by cooling, but ſtill 
lar Wore by evaporation : It contains but very little water 
in its cryſtals, and therefore ſuffers no change of ſtate 
ee WY when expoſed to the air. 
Sulpbate of potaſh acts not at all on the ſimple earths. 
When accidentally mixed with ſalts uſed as fluxes in 
king glaſs, it is found again in the ſcoriæ; and it is 
obtained in conſiderable quantities from glaſs gall. 
According to Bergman, barytes or ponderous earth 
aving more affinity than 'potaſh with the ſulphuric a- 
id, decompoſes this neutral ſalt. If a ſolution of this 
arth be poured on a ſolution of ſulphate of potaſh, 
this proceſs forms a precipitate of barytic ſulphate or 
wnderous ſpar, which is abſolutely inſoluble ; its pro- 
berties we ſhall hereafter examine. The potaſh, if pure 
und cauſtic, remains diſſolved in the liquor. 
Lime and magnefia act not on ſulphate of wm; 
but many of the acids act very forcibly upon it. Rouelle 
liſcovered that it is poſſible to combine with this ſalt a 
reater quantity of the ſulphuric acid than it naturally 
ontains, His proceſs conſiſts in diſtilling a quan- 
ty of concentrated ſulphuric acid on ſulphate of 
 iWotaſh. The neutral ſalt becomes impregnated with 
ne acid, and acquires new properties: it now reddens 
he tincture of violets, is ſoluble in water, has a ſour 
ate, and efferveſces with alkalis ſaturated with car- 
bonic acid, even after being diſſolved and cryſtalliſed. 
|. Baume has maintained, that no real combination 
akes place between the acid and the neutral falt, and 
nat they may be ſeparated merely by placing them on” 
C 4 bibulous 
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bibulous paper or ſand. But Macquer remarks, thy . with 
the ſulphuric acid adheres with no inconſiderable force WW tom 
to ſulphate of potaſh ; and thinks that their mutual ad. bie 
hefion muſt be owing to a peculiar affinity between the chan 
two ſubſtances: according to him neither fire not wan WK acid 
is able to ſeparate them. I have ſeveral times combin. WF ferve 
ed the concentrated ſulphuric acid with ſulphate of pa deco 
aſh; in Rouelle's way; that is, by diſtillation in gu two 
retorts, and have obſerved ſome phenomena not me. ſpe 
tioned in his diſſertation on the ſubject. Sulphate as w. 
potaſh melts on the occafion into a kind of glaſs or opaque 1. T. 
white enamel of a ſtrong acid taſte : but this vitreous fit acids 


does not attract moiſture from the air; on the conta thi 
it rather exhibits appearances of effloreſcence, when ti: is eve 
acid makes only a fourth part of the total weight plied 
There is, therefore, as Macquer thought, a pretty (tro (alts, 
_ adheſion between the neutral ſalt and the acid; and thay a dec 
adhefion.is no doubt owing to a peculiar combination, phate 
M. Baume has obſerved, that ſulphate of potaſh uy cid t. 
fers a very conſiderable alteration from the nitro That 
acid. If aquafortis be boiled on this ſalt, the nitwu acid, 
acid ſeizes on part of the potaſh, and diſengages unde 
ſulphuric acid contained init. When this mixture Bu 
ſuffered to cool, its cryſtals are pure nitre. It va phate 
firſt thought that this decompoſition could not tal tion i 
place without the help of heat; but if fuming ſ ters, 
of nitre be poured on ſulphate of potaſh in powder, i !ubſt: 
vill be found at the end of ſome hours to have de mixt. 
ſited cryſtals of nitre. It was likewiſe advanced, cible, 
when the mixture became cold, the ſulphuric acid, phur 
ſuming its rights, decompoſed in its turn the ni er 
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potaſh : but 1 have kept mixtures of ſulphate of p 
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with ſpirit of nitre for ſeveral: years, and at the bot- 
tom of the mixture there were always ſaline cryſtals 
which detonized on burning coals, and ſuffered no 
change of nature though immerſed in the ſulphuric 
acid ſeparated by the nitrous. M. Cornette has ob- 
ſerved, that the concentrated muriatic acid likewiſe 
decompoſes ſulphate of potaſh, even cold. From theſe 
two fats it would appear, that the law of affinity re- 
ſpecting theſe different acids does not hold ſo invariably 
as was imagined. Yet we muſt obſerve, with Bergman, 
1. That whatever quantity of the nitrous and muriatic 
acids be made uſe of in theſe experiments, no more than 
a third part of the given quantity of ſulphate of potaſh 
is ever decompoſed ; while the ſulphuric acid, when ap- 
plied in a moderate proportion to nitrous and muriatic 
falts, effects a total decompoſition of them: 2. That ſuch 
a decompoſition never takes place, except when the ſul- 
phate of potaſh contains rather more of the ſulphuric a- 
cid than is neceſſary to conſtitute it a neutral ſalt. 3. 
That the affinity of ſulphate of potaſh for the ſulphuric 
acid, is the true cauſe of*theſe decompoſitions, and that 
undecompoſed ſulphate of pataſh, is very acid. 

But of all the modes of decompoſition to which ſul- 
plate of potaſh is liable, the moſt worthy of our atten- 
tion is that which it ſuffers fromamany combuſtible mat- 
ters, more eſpecially from charcoal and ſeveral metallic 
lubſtances (See my Memoires de Chimie, p. 225.). Ita 
mixture of this ſalt with coal be ftrongly heated in a cru- 
cible, the ſulphate of potaſh will be converted into ſul- 
paur united with the fixed alkali. Stahl thought this a 
very happy experiment for demonſtrating the exiſtence 
0: palogilton ; modern chemiſts explain it by the pneu- 

matic 
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matic theory, In the hiſtory of ſulphur, we ſhall um Bot 
both theories. | toge! 
A quintal of ſulphate of potafh in cryſtals contain, gd 
according to Bergman, ebout 52 parts of potaſh, 40 cin co 
ſulphuric acid, and 8 of water,—which laſt is neceſſary e. 
to make it cryſtallize. | | dut i 
As this ſalt is found but ſeldom in nature, and even ether 
then in ſmall quantities, the ſulphate of potaſh made ue nauſe 
of in medicine is always a product of art. There au Th 
three ways of preparing it. Firſt, by a direct combin» Wl verpl 
tion of the ſulphuric acid with potaſn. This inſtantly i (al 
produces ſulphate of potaſh, which may be diſſolved in Wi been 
water, and cryſtallized, as we have mentioned above, ve gt 
The ſecond way is, decompoſing. by means of the ſul. Wil cryt: 
phuric acid, neutral ſalts conſiſting of potaſh united I trabx 
with other acids; ſuch as nitrate, muriate, and carb. WW hitter 
nate of potaſh, &c. : Sulphate of potaſh is infallibly al mi 
obtained by all of theſe decompoſitions. The third the f. 


way of forming this ſalt is by uſing potaſh to decom- Wi and it 

poſe earthy and metallic ſulphuric ſalts. The potall Wi poſed 

precipitates the ſalino- terrene ſubſtances and the me- Wi vertec 
tallic oxides, and ſeizes the ſulphuric acid. We wil 
have occaſion to take farther notice of the laſt two d 
theſe methods of preparing ſulphate of potaſh, when ut 

come to give an account of the neutral ſalts uſed in tle Sur 

preparation “. | Ban 

This falt is not much uſgd except in medicine. man c 

is a pfetty efficacious purgative. It is ſometimes val ſa 
ven by itſelf ia dozes of half an ounce or an ouNc. 
| But 

* In 

* Mr Chaptal relates, that he had occaſionally obtained fulphate d 4 


potaſh from the analyſis of tobacco.— H. 
Ic.uves 
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zut it is moſt generally given, a dram or two at once, 
together with ſome other purgative medicines. It is 
uſed as a ſolvent in chronical diſtempers, particularly 
in coagulations of milk. It is then given in doſes of a 
ſew drums together in certain preparations of liquids ; 
but its ſolvent power is much inferior to that of many 
ether neutral falts, which are more ſoluble and leſs 
nauſeous. | | 

The ſulphureous acid, or the ſulphuric with an o- 
verplus of ſulphur, forms, when combined with potaſh, 
2 falt ſomewhat different from that which we have 
been confidering. Stahl called it | ſulphureous ſalt ; 
we give it the name of ſulpbite potaſb. This ſalt 
cryſtallizes in polyhadrons of ten fides, or in two te- 
trahædral pyramids cut towards their baſes: it is very 
bitter, eaſily ſoluble, and rather deliqueſcent. Almoſt 
all mineral acids, and many vegetable acids, diſengage 
the ſulphureous acid from this ſalt with efferveſcence, 
and in a gaſeous form. Sulphite of potaſh, when ex- 
poſed to the air, gradually abſorbs oxigene, and is con- 
verted into ſulphate of potaſh &. 


Species II. Sulphate of Soda. 


SULPHATE of ſoda, which has been hitherto known 
by the name of Glauber ſalt, from the name of the Ger- 
man chemiſt who firſt diſcovered it, is a perfect neu- 
tral ſalt, formed, as its name indicates, by the union of 

the 


In oppoſition to facts above related by M. Fourcroy, M. Chaptal 
alerts, that in 1780, he himſelf ſhewed that the gitric acid, without 
allftznce, will diſſolve. ſulphate of potaſh; but that the ſulphuric acid 
cues its place, when the ſolution is conceutrated by heat, —H, 


the ſulphuric acid with mineral alkali or ſoda. Thi 


412 Satrr. 


{alt poſſeſſes many properties in common with ſulphate 
of potaſh, and ſome peculiar to itſelf. It is equally WY hapy 
diſpoſed to cryſtallize as the other; has a bitter taſte; into 
is ſcarce fuſible; diſſolves in water; is incapable of ed, 
union with earths; and, like ſulphate of potaſh, is de. there 
compoſable in part by the nitrous and muriatic acid, nd 
Many of its properties, however, are conſiderably di. form 
terent from thoſe of ſulphate of potaſh ; as we ſhall ſc: conti 
by examining them particularly. n ma 
Sulphate of ſoda is commonly a body of a regulu WW and 1 
form, and more or leſs white or tranſparent. Its cry. WF fore 
ſtals are priſms with ſix unequal and ſtriated fides ter. Wi fore 
minating in dihædral ſummits. They are ſeldom un. ind 
der a regular form, and the number of the fides varis i fire, 
as well as their ſize, poſture, and ſtriæ; as M. Rom on 


de Lille has ſhown very particularly in his cryſtallogr- It 
phy. The priſms of this ſalt vary in ſize from the auan 
form of ſmall needles, very minute, to priſms half an inc when 
in diameter and fix or eight in length; which laſt ar 'o 2 
obtained when a great quantity is cryſtallized at once. Wiſh calle: 
Its taſte is at firſt freſh, but ſoon becomes very diſagree. vered 
ably bitter. It produces no alteration on blue vegetabl:Wi 'orm 
colours. N know 
When expoſed to the action of fire, it is quickly The 
quetied : but it ſoon dries and becomes of an opaqit poop 
white colour; in which ſtate it is no leſs difficult to met 5 
than ſulphate of potaſh, In order to form a juſt noun 5 Fa 
of what paſſes when heat acts with this effect on i This 
phate of ſoda, we muſt take notice that ſaline ſud 2 5 


ſtances are melted two ways. 1. By means of the W 
ter which eaters into their cryſtals, which is calls 
| agus 
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fufton. - This takes place only on ſuch ſalts 
x are more ſoluble in warm than in cold water; which 
happens becauſe the portion of the fluid which enters 
into conſtitution of their cryſtals, being then warm- 
ed, diſſolves the ſaline matter. This aqueous fuſion is 
therefore nothing more than ſolution by warm water : 
ind therefore ſulphate of ſoda aſſumes again a ſolid 
form when it is ſuffered to cool. 2, But if the heat be 
continued after it is liquified, it becomes dry and white: 
t may then be melted by means of a more intenſe heat; 
and this fuſion is actually the effect of fire, and there- 
fore called igneous fuſion. Sulphate of ſoda is there- 
fore no leſs difficult of fuſion than ſulphate of potaſh ; 
and like it is volatilized by the extreme violence of 
fire, but ſuffers no alteration of principles from the ac- 
tion of heat. 

It is likewiſe on account of their containing a great 
quantity of water, that the cryſtals of ſulphate of ſoda 
when expoſed to the air, are in a ſhort time reduced 
to a very fine white powder. This phenomenon 1s 
called efloreſcence ; becauſe in fact the cryſtals are co- 
vered over with a kind of fine flour, in whiteneſs and, 
lorm reſembling the ſublimated matters which are 
known in chemiſtry under the improper name of flowers. 
The cauſe of this ſalt's falling down in this manner, 
when expoſed for ſome time to the air, is its lofing the 
water on which the conſtitution of its cryſtals depends. 
It therefore effloreſces moſt readily when the air is ve- 
ry dry, and of conſequence eager to abſorb moiſture. 
This phenomenon, therefore, bears a great reſemblance 
to the deſiccation effected by heat : both depend on 
the evaporation of the water to which the cryſtalline 
3 | form 


\ 
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form is owing. Yet, as the water which enters inte ts 
the cryſtals of ſulphate of ſoda, and of all eſſloreſcent old 
ſalts in general, is perfectly combined with the ſaline WW G1uti 
matter; effloreſcence appears to be owing to a kind of Wl vhic 
elective attraction between air and water. This phe. WW + fin; 
nomenon is therefore to be conſidered as a decompoli. Wi 1utio! 
tion of cryſtals, taking place in conſequence of water; I or 
having a greater affinity with air than with the ſaline hes, | 
matter. Such has always been my idea of efifore(. Wi 9ciatt 
cence, and I do not ſee how it can be explained other- WK vhic! 
wile, (See my Memoires de Chimie ). Sulphate of ſo. WW this f. 
da loſes. almoſt half its weight when it undergoes this al. Sul 
teration : but its nature is not changed, and we may ſulph 
cauſe it to reſume its cryſtalline form, by reſtoring to WY is no 
it the water which it has loſt. Though no writer on the tes d. 
Materia Medica have as yet made the obſervation, yet Wi cther 
to me, it ſeems an object of ſome importance, to knov Wi upon 
the exact quantity of water which ſulphate of ſoda loſes Put 
when it effloreſces, in order that the ſame quantity may ef ſod 
be always preſcribed for a doſe, in whatever of the two chan! 
ſtates the ſalt may happen to be. Rather more than full ce 
one-third leſs of this ſalt ſhould be given when it 1104 Hof cat 
ſtate of effloreſcence than when it is under the form of lution 
fine, tranſparent cryſtals. ſulſe re 
Sulphate of ſoda diſſolves very eaſily in water. Ver, g 
more than four parts of cold water are neceſſary to di Wmothe 
ſolve one of this ſalt. But a ſmaller quantity of wam The 
water will be ſufficient to diſſolye the ſalt, and a ſtil Wand 4 
ſmaller quantity in proportion as the water is mad pot ch 


hotter. One part of boiling water diſſolves almoſt & Uh 
much of this ſalt as is equal to its own weight. Tit 


method in which we make it cryſtalliſe is foundeda 
| | thi 


It 11 
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this property. As it is more ſoluble in warm than in 
| cold water, all that we need to do is, to leave a ſtrong 
ne blution of this ſalt to cool; and it affords cryſtals 
of WF (hich are more or leſs regular, and of a greater or 
de. 1 ſmaller ſixe, in proportion as the quantity of the ſo- 
li. lution is greater or leſs, and as it is cooled more flow-- 
rs WY or more quickly. In the laboratories of apotheca- 
ine nes, where this operation is performed in the great way, 
re. WH friated priſms ſeveral inches long are often obtained, 
er- WW which afford ſpecimens of the regularity of the form of 
e. his ſalt. 8 
ol Sulphate of foda acts no more on filice or alumine than 
nay WW ſulphate of potaſh : and as it is ſo difficult of fuſion, it 
%s no more uſed in making glaſs than the other. Bary- 
the tes decompoſes it as well as ſulphate of potaſh ; but the 
yet Bi other ſalino-terrene ſubſtances produce no alteration 
upon it, 
oles Pure cauſtic potaſh, mixed with a ſolution of ſulphate 
nay of ſoda, decompoſes it; becauſe it has a ſtronger affinity 
tun chan ſoda with the ſulphuric acid. In order to receive 
han full conviction of this, the reader may pour a lixiviate 
ina Hof cauſtic potaſh on a warm and ſtrongly ſuturated ſo- 
n of Wl ution of ſulphate of ſoda. This ſolution, which, ik 
ſulfered to cool, would have afforded cryſtals of the lat- 
Vier, gives ſulphate of potaſh by evaporation ; and the 
mother water contains cauſtic ſoda. 
The ſulphuric acid combines with ſulphate of ſoda, 


and adheres to it in the ſame manner as to ſulphate of 
potaſh. 


t s de nitric and the muriatic acids decompoſe it with 
17 8 (ime 1ttendant circumſtances as when they decom- 
d 01 Pie iuDaate of potaſh. 

th ) When 
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When ſulphate of ſoda is violently heated with chat. 
coal and ſome metals, the ſulphuric acid aſſumes the 
form of ſulphur,' as we ſhall have occaſion to mention 
under the hiſtory of that combuſtible body: 

All the properties in which ſulphate of ſoda diſfen 
from ſulphate of - potaſh, ſerve as ſo many proofs that 
the two fixed alkalis, however ſimilar in their ſtate 9 
purity, are nevertheleſs extremely different from each 
other; becauſe they form very diſſimilar ſalts when 
combined with the ſame acid. Beſides, the proportion 
in which the principles of this ſalt are united, is very dif. 
ferent from that by which ſulphate of potaſh is forme: 
for, according to Bergman, a quintal of ſulphate of {6 
da contains 15 parts of ſoda, 27 of ſulphuric acid, an 
58 of water *. 

This ſalt is more copious in nature than ſulphate d 
potaſh. It is obtained in great abundance from ſe 
water, from the water of certain ſalt ſprings, and mor 
eſpecially from many mineral waters. Art can likewiſe 


- procure it by the three methods of which we have git 


en a deſcription in the hiſtory of ſulphate of potaſh, | 
is not more uſed in the arts than that ſalt 5 but muck 
more in medicine. It is given as a ſolyent, aperient 
and purgative, in doſes ot—from half a dram to u 
ounce and an half, according to the caſes in which i 
is adminiſtered. Its effects are even more ſtrong ard 
quick than thoſe of ſulphate of potaſh ; becauſe its is 
pidity is greater, and it diſſolves much more readily i 


the humours of the human body . - 
t 
* Others aſſert, that 100 grains of ſulphate of ſoda contain 14* 
cid, 22 alkali, and 64 water. —H. 
+ The tamarix gallica, a plant growing on the ſea coaſt of Frame; 
contains ſulphate of {oda in a large proportion, —H. 
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We are ignorant of the properties of ſulphite of ſoda, 
ar of that ſalt which is formed by the combination of 
the ſulphureous acid with alkali of ſoda, 


ſen Species III. Nitrate of Potaſh, or Common Nitre. 


of WY Nirraarz of potaſh, common nitre, or ſaltpetre, is 
ach formed by a ſaturated combination of the nitric acid 
hen WJ with potaſh. This ſalt has a freſh taſte, is a perfect 
tion neutral ſalt, and does not alter the colour of ſyrup of 
dif. WY violets. Its cryſtals are fix-fided priſms, terminating in 
el: dibedral pyramids, or cut off with a ſlope, and often 
{ (;. WY channelled from one end to the other. 
an] There is great abundance of this ſalt in nature: it is 
continually forming in places inhabited by animals. It 
e of WT 5 likewiſe found in abundance on walls ſheltered from 
ſea nin; and is then called ſultpetre de houfſage. 
none There ſeem to be three circumſtances which chiefly 
wile WT promote its formation. The firſt of theſe is the preſence 
gef chalk, or ſome calcareous ſubſtance z in this manner 
s the nitre formed which is gathered on walls covered 
with plaſter ; and from this circumſtance, conſiderable 
quantities of nitre are uſually found on the demolition 
pf old buildings. This ſalt is obtained in a ſtate of 
perfect purity from chalky earths. The Duke de la 
Rochefoucault has obtained it in the proportion of an 
dunce to the pound from chalk of Roche-Guyon. 

The ſecond circumſtance favourable to the produc- 
on of ſaltpetre is the putrefaction or ſpontaneous de- 
ompoſition of animal and vegetable matters. It is a 
ell known fact, that places watered with animal li- 


guors, or containing animal matters in a ſtate of putre- 
Vol. I. D d faction 


ang 
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faction, ſuch as dunghills, ſtables, jakes, afford grezt 
quantities of nitrate of potaſh, This fact has alway 
been gone upon as a principle, in forming beds for the 
artificial production of nitre. Ditches or covered ſhed; 
are formed, and left expoſed on all ſides to the air: 
theſe are then filled with putreſcent ſubſtances, ſuch x 
dung of all kinds, and vegetable ſubſtances; water con. 
taining animal or vegetable matters is from time to time 
poured on the maſs ; and it is ſtirred now and then ts 
change the relative diſpoſition of the ſurfaces, When 
the putrefaction is conſiderably advanced, a ſmall por. 
tion of the matter is taken and lixivated, 1n order that 
it may be known whether it contains nitre; and if it be 
found to contain a ſufficient quantity of the ſalt, the 
whole mals is ſubjected to the ſame proceſs. 

The third circumſtance apparently favourable to the 
production of nitre, is the contact of the air. Thisy 
one great cauſe of the formation of the ſaltpetre found 
on walls ; and it is on this principle that the mixtur 
depoſited for the artificial production of nitre is fr. 
quently ſtirred, in order that the air may have accel 
to every part of the maſs. Beds of chalk, which ur 
turally contain nitre, afford it only to a certain depth 
and not lower. Where theſe three circumſtances mes 
nitre is produced in great abundance. Beds for tit 
artificial production of nitre ſhould be formed on thet 
principles. 

It is but a very ſhort time fince the theory of lt 
production of nitre came to be known. Glauber, ut 
a number of chemiſts who implicitly adopted his q 
nion, thought this ſalt to be entirely formed in v8 
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at mals, and by putre faction only diſengaged into a 
Lee ſeparate ſtate: But it was ſoon obſerved, that the 
be BY regetables uſed for its production in nitre- works could 


e WY co be ſufficient to afford, of themſelves, the quantitiesob- 


ir: WF :.ined. M. Thouvenel, who by his eſſay on the formation 
cc nitre gained a prize from the Academy, made a great 
00- WY many experiments with a view to diſcover its cauſe, 
ine Wi ind found that the nitric acid was formed by the com- 
1 to WW bination of an elaſtic fluid diſengaged from animal mat- 
ven ters in a ſtate of putrefaction with vital air. He has 
Pot. Wl alſo ſhown that this acid, when formed, combines with 
that WY c:1careous earth, where nothing but animal matters is 
tb: uled for nitre beds; and that the uſe of vegetable ſub- 
de aances is to furniſh fixed alkali or potaſh, which is the 
baſe of common nitre. M. Thouvenel had not deter- 
* WWmined the nature of the gas which is diſengaged from 
Animal matters in a ſtate of putrefaction. And Mr Ca- 
un en dimm has ſince ſhown it to be the ſame with that 
which, under the name of phlogiſticated air, atmoſphe- 
Iric mephitis, or gas azote, conſtitutes one of the princi- 
ples of the atmoſphere. By combining this gas with vi- 
tal air, by means of the electric ſpark, he obtained a 
product of genuine nitric acid. 
Nitrate of potaſh is very liable to alteration from heat. 
Vhen expoſed to the action of fire in a crucible, it ſoon 
liquefies - by igneous fuſion ; for though kept for ſome 
me in that ſtate, it does not become dry; and though 
ade red hot, does not aſſume a pulveralent form. 
Vhen ſuffered to cool, after being melted, it congeals 
nto an opaque maſs which is named cry/tal mineral, and 
equally ponderous, fuſible and ſoluble with nitrate of 
potalh, The cryſtal mineral of the apothecaries ſhops 
D d 2 is 
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is ſomewhar different from pure melted nitre : for i 
contains a little ſulphate of potaſh, preduced by the con. 
buſtion of ſulphur, which, according to the Pari WW alt 
pharmacopceia, is uſed in the proportion of a dram u 
the pound of nitre, in the preparation of it, 

If nitrate of potaſh be left expoſed to the action of fire, WW too 1 
after being melted, it will be of itſelf decompoſed and Tl 
reduced to alkali. This operation fucceeds equally WW with 

well in a retort ; and when performed in this manner, tion 
is of uſe to explain the decompoſition of the nitric acid, Wi 1aid 
In fact, inſtead of the nitric acid paſſing off put wich 
there eſcapes a large quantity of an zeriform ful WM tion, 
which may be collected under water, and is found u nize 
be genuine vital air mixed with gas azote. The rt at 
ſidue of alkali uſually melts the retort very ſoon af phen 
it is ſeparated ; and when we wiſh to purſue the o the a 
ration to a concluſion, we muſt uſe a ſtone retort which ceedi 
may be proof againſt its action. Here we have tw: ratio: 
Nitric acid entirely decompoſed into vital air and vas i 
azote by means of heat, which alone is able to ſeparat the / 
theſe two principles. If the heat be not continued nitra 
long, or made ſo intenſe, as to effect the entire dec vet f 
poſition of the nitrate of potaſh, The alkali ſtill retw this | 
certain quantity of the nitrous acid, or of the nitric v quick 
an excels of nitrous gas. This acid may be diſengaga ſary | 
from it by vinegar. In this ſtate, the ſalt is what KI diſen 
call nitrite potaſb, the nitrous acid being ſupe WM abun, 
rated with gas azote ; in the ſame manner we cali thcor 
the combination of the ſulphureous acid with peu ver d. 
ſulphite of potaſb. If nitrate of potaſh be acted by m 
by a very intenſe heat, a reſidue of pure cauſtic u bund 
is obtained. Since heat decompoſes nitrate of dhe q 
74 | 1 
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n Lich ſuch facility, it may be naturally inferred, that 
on. Wl nen cryſtal mineral is prepared by ſimple fuſion, the 
fin WW (alt muſt not be too long expoſed to the fire. If this 
0 12 WY precaution be neglected, the medicine will contain 
more than a juſt proportion of potaſh, and will produce 
fie, too violent effects. 
and The decompoſition of nitrate of potaſh is attended 
ally WW with other phenomena, when it is expoſed to the ac- 
ner, tion of fire, together with combuſtible bodies. When 
acid, laid on a coal it gives a white lively flame, attended 
pure, wich a kind of decrepitation: this is called the detona- 
Wl WY tion, or fuſion of nitre: the ſalt is then ſaid to deto- 
du nie or melt; and by this characteriſtic, nitre may be 
e .at any time eaſily diſtinguiſhed. Stahl thought this 
after phenomenon to be owing to the rapid combination of 
ope- the acid of nitre with phlogiſton ; and M. Baume pro- 
eh ceeding on the ſame theory, thought that in this ope- 
e ration a quantity of nitrous ſulphur was formed, which 
dvs inſtantly inflamed. In the year 1780, I read in 
arat me Academy a Memoir, in which I have ſhown that 
ed VN nitrate of potaſh is neither combuſtible of itſelf nor 
yet forms nitrous ſulphur when it detonizes; and that 
this phenomenon is entirely owing to the flower or 
quicker combuſtion of the combuſtible matter neceſ- 
lary to make the ſalt detonize, in conſequence of the 
diſengagement of the vital air, which eſcapes in great 
abundance from nitrate of potaſh ſtrongly heated, This 
theory is completely proved: 1. Becauſe the ſalt ne- 
ver detonizes by itſelf. 2. Becauſe after its detonation 
by means of an inflammable matter, this matter is 
found to be entirely burat up. 3. Becauſe the greater 
the quantity of the nitrate of potaſh in proportion to 
Dd 3 that 
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that of the combuſtible matter, the more complete it the 


combuſtion of the latter ſubſtance. 4. Becauſe detong. als 
tion takes place as well in cloſe veſſels as in the open at Nit 
which could not poſſibly happen if the ſalt did not fur. tion fi 
niſh vital air. This aſſertion receives the fulleſt ſv. it i 
port from the phenomena attending the proceſs fir WF ater 
making the cly/us of nitre ; which is merely a detona. ſolves 
tion of this ſalt with different combuſtible matters in It the 
cloſe veſſels. We ſhall mention here only that which h its po! 
made with charcoal. Two or three large receivers fitted extra 
together are applied to a retort of earth or iron, withan tainin 
orifice in the upper part, which may be cloſed with z ter or 
cover or ſtopper. This veſſel is heated till its bottom and c 
be made red, and then a mixture of nitrate of potaſ pour 1 
with coal is put in by the orifice, which is immediate WW that ! 
ſnut. During the detonation, the receivers are filled the ni 
with vapours, part of which is condenſed into an in. ready 
pid liquor, not at all acid, but often alkaline. The bilh, 1 
refidue is potafh ſaturated with carbonic acid: the They 
nitric acid is then totally decompoſed, and a lag per ve 
quantity of gas is produced, which I have collected only t. 
fitting to the orifice in the upper part of the receiver, WF rubbiſ 
either a bladder or tubes, the extremities of which en WF zulatic 
tered glaſſes full of water. This gas was moſtly ca. houſes 
bonic acid mixed with a little inflammable gas and gu pree, t 
_ azote; the laſt of which is one of the principles of tie Wi they p 
Nitric acid. The inflammable gas is produced in c- potaſh 
ſequence of the decompoſition of part of the water « Mi and ui 
nitre by the charcoal. miſts h 
"The reſidue, after the detonation of nitrate of po WW tug (al 
aſh with charcoal in a crucible, is improperly call of cert 
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nitre fixed by charcoal : it is potaſh combined with car- 
bonic acid. 

Nitrate of potaſh, when very pure, ſuffers no altera- 
tion from the action of the air. 

It is eaſily ſoluble ; for three or four parts of boiling 

water diſſolve one of *nitre, and boiling water diſ- 
ſolves a quantity of it equal to twice its own. weight. 
It therefore cryſtalliſes very readily by caoling, On 
its poſſeſſing theſe two properties is founded the art of 
extracting nitrate of potaſh from plaſter or rubbiſh con- 
taining it. The ſaltpetre- makers put the pounded plaſ- 
ter or rubbiſh into a veſſel with a hole at the bottom, 
and cover it with aſhes. Through this matter they 
pour water; taking care to pour pure water on rubbiſh 
that has been already waſhed, till it be deprived of all 
the nitrous matter it contains; and pouring water al- 
ready impregnated with nitre upon the unwaſhed rub- 
biſh, in order that it may be completely, ſaturated. 


They next evaporate the lixivium thus formed in cop- 


per veſſels, They ſkim off the firſt pellicles, which are 
only the muriate of ſoda or marine falt contained in the 
rubbiſh. This ſalt they called grain; and by their re- 
gulations, they are obliged to carry it to the refining 
houſes, When the water is evaporated to ſuch a de- 
gree, that the reſidue when cool muſt become ſolid, 
they put it into other veſſels in which the nitrate of 
potalh is cryſtallized. This ſalt, which is very impure 
and dirty, is called n:tre of the firſt boiling. Some che- 
miſts have been of opinion that the aſhes uſed in mak- 
ing lalt petre ſerved only to cleanſe the nitrate of potaſh 
of certain greaſy impurities; and that opinion appear- 
ed to be ſupported by the fact, that theſe matters con- 
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tain hardly any alkali, and the aſhes of tarmariſk, uſei under 
by the ſalt · petre makers of Languedoc, contain only WY 5: for 
ſulphate of ſoda. But this ſalt, as well as ſulphate 9 gular 1 
potaſh, is as uſeful as an alkali for decompoſing the eil when 
careous nitrate, which is found in ſuch abundance in of the | 
plaſter and rubbiſh, by the way of double eleQiye 20 Che! 
traction, as M. Lavoifier has obſerved with reipe tothe Wi the thi 
lixiviated aſhes uſed by the ſaltpetre makers of Pam By thi 
We ſhall ſay more upon this under the title of Calcare. very p. 
ous Nitrate. neous 1 
Nitrate of potafh of the firft boiling is always ver WW oda, 1 
impure, It contains five other kinds of falts beſd WW aro ſca 
pure nitre ; namely, muriate of foda, nitrate of mag. Wi tion is 
neſia, calcareous nitrate, muriate of magneſia, and ci- Nitr: 
careous muriate ; and theſe muſt be ſeparated, if ton fre 
wiſh to obtain nitrate of potaſh in a ſtate of purity. the ac; 
The mixture is purified of theſe falts, by'diflolving but for 
again in the ſmalleſt poſſible quantity of water, ; vitre 
clarifying this boiling liquor by means of bullock" e there u 
blood, which carries off all impurities by colleding and as 
them on the ſurface in the form of a ſcum. This . pears te 
ivium is then evaporated, and by cooling the reſidue, 1 WF combin 
nitrate of potaſh is obtained, much purer than the fot 
mer, which is ſaid to be nitre of the fecond boiling - 
Still, however, it is vitiated by a certain quantity d 2 5 
muriate of ſoda and mother- water. It is a third um r e al 
purified by the ſame proceſs, and it then becont ah is al 
much purer and whiter ; and is now nitre of the th — 
boiling. As it is made to cryftalliſe very rapidly, its they DS. 
obtained in large irregular maſſes; and yet in Wor nitrate 
middle of the veſſels there is formed a layer of loo kg 
regular cryſtals, which is called nitre in ſticks, Nu agnefia 


1 


unde he nitric 


under this laſt form is not uſed in arſenals, being not ſo 
it for making good gun- powder as nitre in large irre- 
gular maſſes ; becauſe the water which entered into it 
when it was cryſtallized would retard the combuſtion 
of the powder. 

Chemiſts and apothecaries go on to purify nitre of 
the third boiling by new ſolutions and cryſtallizations. 
By this means they are certain of at length obtaining 
yery pure nitrate of potaſh, entirely free of every extra- 
neous mixture, and containing no muriate with either 
ſoda, lime, or magneſia for its baſe : Though theſe 
are ſcarce ever entirely taken away where the opera- 
tion is performed m the great way *, 

Nitrate of potaſh appears to be liable to fome altera- 
tion from filiceous earth; for by diſtilling it with ſand 
the acid is ſeparated. This acid comes off colourleſs, 
but ſome vapours are diffuſed at the time. The reſidue 
"8 is vitreous in a greater or a leſs degree, according as 
mere was a greater or a leſs quantity of ſand employed, 
ind as the heat was weaker or more intenſe. Sand ap- 
pears to decompoſe nitrate of potaſh by its tendency to 
combine with its alkaline baſe : for when nitre is diſ- 
| tilled, 


There is no more extraordinary natural or chemical fact than the 
the production of fix ſpecies of ſalt, in the rubbiſh of old houſes, each 
of the alkaline baſes being conſtantly united with a peculiar acid. Pot- 
alh is always united with the nitric acid, and ſoda is always combined 


with the muriatic, There would ſeem to be ſome particular relations $ 
between thoſe different kinds of primary ſalts, in conſequence of which 


they mutually ſelect each other; for why is there no muriate of potaſh 
or nitrate of foda? The ſame thing might be obſerved of the earthy 
lalts: in fact, there is much more muriate of magneſia and calcareous 
nitrate, than nitrate of magneſia or calcareous muriate: and this ſhows 


magneſia to have a peculiar affinity with the muriatic, and lime with 
he nitric acid. F. 
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tilled, without any intermediate body being uſed, ther, 
is no nitrous acid, but a mixture of vital air with gu 
azote, obtained. The reaſon of this I take to be, thy 
when nitre of potaſh is diſtilled without an intermediun, 
the alkali reacts on the acid, and contributes to its de. 
compoſition ; whereas, when this ſalt is heated with 
mixture of ſand, the ſand, by its tendency to form glu 
by combining with the potaſh, prevents the alkali fron 
reacting on the acid, which therefore eſcapes unaltered, 
Argillaceous earths likewiſe decompoſe nitre. Co 
loured clay is generally made ule of for this purpoſe, 
The diſtillers of aquafortis in Paris make uſe of a 
earth of this kind. Into earthen retorts, of a peculia 
form, called cuines, they put into each two pounds d 
nitre, of the ſecond boiling, with fix pounds of colour. 
ed clay of Gentilly : the retorts are arranged one be. 
ſide another, in long furnaces known by the name d 
galleries ; and the neck of each retort enters a bottle 
of the ſame form, ſerving as a receiver. By this mean 
they obtain at firſt a tranſparent liquor, ſomewhat acid 
which they call phlegm of aquafortis, and afterward 
the acid gradually more and more concentrated. Tit 
reſidue is a very hard, red, earthy ſubſtance, whid 
ſerves for making a kind of mortar. But this expets 
ment by no means proves that clay decompoſes nim 
of potaſu:— For, 1. The nitre uſed by the diſtiller 
very impure, containing a great deal of earthy nitr: 
2. The clay which they make uſe of is of a very cok 
pound nature, often containing a great quantity of N 
rites, the ſulphuric acid of which may poſſibly decoth 
poſe the nitre. In order that this decompoſition ai 


determine the fact in queſtion, it ſhould be made vii 
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ahite clay, or rather with alumine. As this earth has 
not ſo great a tendency as ſand to unite with the alkali 
and does not form glaſs by combining with this ſalt, it 
does not ſeem capable of effecting ſo complete a decom- 
poſition of nitre of potaſh as ſand produces. M. Baume, 
however, ſays, that he obtained the acid of nitre of pot- 
aſh by the addition of porcelain and clay baked in ſtone- 
ware: but he thinks that the decompoſition of the ſalt 
was owing to the acid contained in the clays. 

Barytes decompoſes nitre of potaſh, and ſeparates the 
alkali, Bergman, in his table of affinities, places this 
falino-terrene ſubRance before the alkalis, and immedi- 
ately after the nitric acid, 

Magneſia, lime, and the alkalis, act not upon nitre. 
But the acids act in a very diſlinct manner on this ſalt, 
particularly the ſulphuric acid, which has really a 
greater affinity than the.nitric acid with the alkalis. 
When a quantity of concentrated ſulphuric acid is pour- 
Wed on a quantity of dry nitre of potaſh, a conſiderable 
eſſerveſcence is produced, and red vapours are ſeen to 
ariſe, which are actually nitrous acid. By performing 
this operation in a receiver with the retort fitted to it, 
we may collect this acid: it is known by the name of 
pirit of nitre. This operation is called in the labora- 
tories, the diſtillation of the ſpirit of nitre in Glauber's 
way; becauie Glauber was the firſt who gave a plain 
intelligible deſcription of it. The receiver uſed in this 
operation muſt be perforated with a ſmall hole, to give 
ent to the vapours of the nitrous acid. It was remark- 
d, that there was much difficulty in condenſing theſe 
apours, and that the proceſs was liable to two acci- 


ents. The firſt was, the loſs of no ſmall portion of the 
3 a ſpirit 
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ſpirit of pitre which eſcaped through the orifice of th, 
veſſel: the ſecond, the danger to which the operaty 
was expoſed from ſuch extremely acrid and corrofiye 
vapours. - This proceſs was therefore very deſedige. 
Mr Woulfe, an ingenious Engliſh chemiſt, has found 
means to obyiate theſe inconveniences. Inſtead of uf. midd] 
ing a receiver perforated with a little hole, he has + firſt b 
dopted one with two necks. Into the extremity of thi tain : 
veſſel, which is fartheſt from the receiver, he puts; would 
tube, one end of which being in an horizontal poſition, WF trous : 
makes a right angle with the other, which is vertici ed wi 
and inſerted into a bottle. This bottle has in in WW would 
ſides two orifices; each of theſe receives a: ſyphon WW ſtance 
which paſſes into another bottle ſtanding beſide the WF ſtance 
firſt. The two collateral bottles are joined by mean WW ſpeak 
of a ſyphon with two others, of which the lateral „of the 
pertures remain open. The firſt bottle generally u. In 


the 1 
ricui 
air pt 
open, 
latera 


mains empty: the collateral bottles contain a quis, pound 
tity of water, in which the lower and longeſt extre. WH miner: 
mity of the tube which communicates between te ® reve 
two, is immerſed : the upper part of the bottles remain be uſe 
empty; and the acid vapour is conducted by the tubs concert 
through the bottles. By the uſe of this ingenious ap throug 
paratus, the artiſt is ſecured from all danger, and 90. 7*tus 2 
thing is loſt. The nitrous acid in vapour paſſes througn Pte par 
the retort into the firſt bottles, and is there condenſed: to be 
and what is not condenſed in the firſt paſſes into the next tc 
ſecond bottles, and there unites with the water. From over. 
into t 


the lateral apertures of the laſt bottles, there eſcapes 
certain quantity of vital air, which may be receivel 
into proper glaſſes. This apparatus, as here deſcribed 


poſſeſſes one advantage worthy of our notice: Wbes 
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the retort is left to cool at the end of the operation, a 
ricuum is produced in the veſſels, and the external 
ic preſſing on the water in the outer bottles ſtanding 
open; forces it through the ſyphons into the inner col- 
lateral bottles; and from theſe again it paſſes into the 
middle bottle ſtanding neareſt to the retort. If the 
firſt bottle were not empty, or not large enough to con- 
tain all the water from the others, the acid liquors 
would paſs into the receiver: and as the ſtrongeſt ni- 
trous acid is contained in that veſſel, it would be mix- 
ed with the liquors from the bottles, and therefore 
would not poſſeſs the required ſtrength. This circum- 
ſtance would be ſti1l more inconvenient in other in- 
ſtances of diſtillation, of which we are hereafter to 
ſpeak ; becauſe it would not ſimply weaken the ſtrength 
of the product, but would even alter its purity. 

In performing this operation in a laboratory, four 
pounds of pure nitrate of potaſh, melted into cryſtal- 
mineral, are put into a tubulated ſtone retort, placed in 
2 reverberating furnace; or tubulated glaſs retorts may 
be uſed in a ſand-bath. Two pounds and an half of 
concentrated ſulphuric acid are poured in at once 
through the aperture, and it is then ſhut. The appa- 
ratus aboye deſcribed, which we ſuppoſe to have been 
prepared and put together on the preceding evening, is 
to be inſtantly applied and luted to the retort ; it is 
next to be gradually heated till nothing more comes 
over. The diſengagement of the gas, and its paſſage 
into the bottles, ſerve to direct the operator in con- 
ducting the proceſs. If tha gas appear to be diſengaged 
with too much rapidity, the heat is then too violent, 
and muſt be diminiſhed, otherwiſe the whole maſs in 


- the 
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the retort will ſwell up and paſs into the receiver; By 
again, if it paſs too ſlowly, the fire muſt be increaſed to 
prevent the abſorption of the gas. This apparatys i 
therefore happily formed to direct the artiſt in the ma. 
nagement of his proceſs, | 

The refidue, after this decompoſition, is ſulphate of 
potaſh, formed by the union of the ſulphuric acid with 


the alkaline baſe of nitre, This refidue is known in 


pharmacy under the name of al de duobus, or arcanm 
duplicatum. It is uſually a white opaque maſs, half 
vitrified, and filled with cavities produced in it when 


it was ſwelled by the heat. This ſalt is ſtrongly acid, 


on account of the quantity of ſulphuric acid made uſe 
of in producing it; and it is the exceſs of the acid 
which cauſes the ſalt to melt, as we have ſeen under 
the hiſtory of ſulphate of potaſh, The nitrous acid 
obtained by this proceſs is very red and fuming, be. 
cauſe the intenſe heat employed in the diſtillation di. 
engages a portion of vital air. As it is always mixed 
with a; certain quantity of ſulphuric acid, it is to be 
rectified by a new proceſs of diſtillation on a quan- 
tity of nitre equal to one-fourth of its own, weigh. 
We muſt likewiſe obſerve, that the nitre made uſe d 
on this occaſion muſt be very pure, in order to afford 
Nitrous acid in ſuch a ſtate that we may depend upa 
its effects. That which is obtained from nitre of the 
ſecond boiling, contains muriatic acid, and acts wit 
the ſolvent power of aqua regia. This acid may be 
purified of the muriatic acid which it contains by! 
diſtillation judiciouſly managed ; as is ſhown by Mein 
de Laſſone and Cornette (Mem. Acad. 1781, p. 653 


656). 
The 


The 
help of 
concen 
fition | 
the aca 
ed in p 
cic acid 

Nitre 
princip 
ſition v 
of ſulp| 
tartar, 
are uſec 
ducing. 

It is « 
refreſh, 

yen in 
twelve 
haye da 


Since 
matters af 


its format 


nelding p 


Iurface of 


pf cattle, 


Cheſnuts 
Jound, th; 


be diſlill 
gene, for 
tre at 6 
o itlelf in 


3 kali, 


Salts. 431 


The concrete boracic acid decompoſes nitre with the 
help of heat, diſengaging from it the nitric acid in a 
-oncentrated ſtate. It appears to effect this decompo- 
ftion by means of its fixity ; which is the opinion of 
the academicians of Dijon. Yet it muſt alſo be aſerib- 
ed in part to the mutual attraction between the bora- 
ci acid and the potaſh baſe of nitre, 

Nitre of potaſh is much uſed in the arts. It is the 

principal ingredient in gun-powder ; of which compo- 
tion we ſhall have occaſion to ſpeak under the article 
of ſulphur. When burnt with various proportions of 
tartar, it forms the melting matters called fluxes, which 
are uſed in the aſſaying of metals for melting and re- 
ducing metallic ſubſtances, &c. &c, 
It is often uſed in medicine as a quieting, cooling, 
refreſhing, diuretic, antiſeptic medicine, &c, It is gi- 
yen in any kind of drink, in doſes of—from ten or 
twelve grains to half a dram and more. Phyſicians 
have daily inſtances of its good etfects &. 
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Species 


* Since nitre is a compound of potaſh with azote and oxigene, all 
matters affording theſe three ſubſtances, will, of courſe contribute to 
Its formation; animal matters, by furniſhing azote; vegetables, as 
nelding potaſh ; the air, as ſupplying oxigene. It effloreſces on the 
ſurſace of uncultivated grounds. It is formed on the paſture grounds 
pf cattle, It is diſperſed even in the duſt of the roads of Spain. 
Cheſnuts ſupply a material for its formation. M. Virengue has 
pound, that it is produced in all extracts capable of fermentation, 
he dillillation of nitrate of potaſh, affords 1 2000 cubic inches of oxi- 
ene, for each lib. of the ſalt: 7 parts of water, diſſolve 1 part of 
tre at 609 Fahrenheit: and boiling water diſſolves a quantity equal 
o itlelf in weight. 100 grains of the cryſtals of nitre contain 32 acid» 
3 ax, and 7 water, —H. 
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Species IV. Nitrate of Soda. 


Arantular, and rhomboidal nitre, is a perfect neutral ſal, 


reſulting from a ſaturated oni of the nitric ac 


with ſoda. 


This ſalt generally appears in pretty large and ven 
regular rhomboidal cryſtals. The name of rhomboidg 


nitre deſcribes it better than that of cubic nitre. 


Its taſte is freſh, and rather more bitter than that d 


nitre of potaſh. 
Fire decompoſes this as well as the preceding ſalt; 
but it decrepitates, and does not melt fo eaſily as the 


other. It affords a mixture of vital air with gas azote 


with an alkaline reſidue like nitre of potaſh, 
It is rather more ſubje& than nitre of potaſh to il 
teration from the air, and attracts moiſture, though nol 


with much force. 
It diſſolves in cold water even more readily than the 


former ſalt; for two parts of water, at the ordinay 


temperature of 60, are ſufficient to diſſolve one pat 
of nitrate of ſoda, Boiling water ſcarce diſſolyes it 
a greater proportion: and therefore, when we wilt u 
obtain it in regular cryſtals, the ſolution muſt be ibs: 
ly evaporated. If a tolerably clear lixivium of thy 
ſalt be ſer aſide in a dry place,—at the end of ſom 
months it is found to contain rhomboidal cryſtals, it 
or eight lines, and ſometimes near an inch long. Yi 
is uſually the happieſt proceſs for cryſtallifing ſalts thi 
are as ſoluble in cold as in warm waters. 


Nitre of ſoda detonizes on burning coals, and * 
flamed 


NirxArz of foda, which has been called cubic, qu, 
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games any combuſtible body heated along with it,— 
rather more lowly than nitre of potaſh. 

Siliceous earth diſengages the nitric acid, and unites 
with its baſe to form glaſs. Clay alſo ſeparates the 
acid, giving as a reſidue a kind of frit, which becomes 
porous and opaque after being expoſed to a ſtrong 
heat. | I” 

Barytes decompoles it, and leaves the ſoda pure. 
Magneſia and lime produce no ſenſible alteration 
upon it. 

Potaſh having more affinity than the baſe of this ſalt 
with the nitric acid, attracts it to itſelf, and forms with 
it nitre of potaſh. We obtain conviction of the truth 
of this fact by a very ſimple experiment. If a bothng 
ſaturated ſolution of nitre of ſoda be divided into two 
portions, and into one of theſe there be thrown a quan- 
tity of cauſtic potaſh, the portion which received this 
addition will depoſite, when it cools, priſmatic cryſtals 
of nitre of potaſh ; while the other into which there 


vas no potaſh put, will exhibit no cryſtals at all, be- 
cauſe nitre of ſoda cryſtalliſes only by a very flow eva- 
poration. 


If concentrated ſulphuric acid be poured upon ni- 


trate of ſoda, it will diſengage the nitrous acid with 
ellervelcence, Nitric acid is obtained by a diſtilla- 


ion of this mixture, as well as from nitre of potaſh. 
he other mineral acids act no more on this ſalt than 
n the foregoing. 

The neutral ſalts which has been already examin- 
, ſulphate of potaſh and ſoda, and nitrate of potaſh, 
LUC2 no alteration on nitrate of ſoda. When theſe 
alts are all diſſolved in the ſame water, they cryſtal- 
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lize ſeparately, each in its ordinary way: Nitrate d 


potaſh and ſulphate of ſoda, by cooling ; ſulphate d * 
potaſh and nitre of ſoda, by evaporation. From a 
theſe properties it appears, that nitrate of ſoda if. 
fers from nitrate of potaſh only in its form, its taſte, 
its ſlight tendency to deliquiate, its being of eaſier (6 V 
lution, its cryſtallifing by evaporation, and chiefly by brife 
its ſuſceptibility of decompoſition by potaſh. W 
| Nitrate of ſoda has not been yet found in natur om 
It is always a product of art, and is formed in the fir baſe 
following ways: 1. By the dired combination of tie ci 
nitric acid with ſoda. 2. By decompoſing with tia ther 
alkali, earthy nitrates, ammoniacal nitrate, and meu ter, 
lic nitrates. 3. By decompoſing muriate of ſoda vil crep 
the nitric acid for an intermedium. 4. By decompdl piec 
ing ſulphate of ſoda by the fuming ſpirit of nitre. bort 
By decompoſing ſuch nitrous ſolutions of metals as WW «0. 
ſuſceptible of it, with muriate of ſoda : In this inſtance melt 
in proportion as the muriatic acid combines with H be. 
metal, ſeparating from it the nitric acid, the ſeparated Its c 
acid combines with the ſoda, which has alſo deſc melt 
the acid with which it was before united. All thai guxe 
decompoſitions will be particularly deſcribed in tile 
reſpective hiſtories of the ſalts which are liable cad 
them. M 
Nitrate of ſoda might be employed for the ſame p the: 
poſes as nitrate of potaſh. But as it does not produt A 
all the effects of that ſalt, doubtleſs on account cf mai 
having a greater affinity with water, it is not made i ter , 
of in the arts. Beſides, as it is not found in nal. q. 


but is merely a product of art, no attempt has den 
made to apply it to any particular uſe. A ſufficidl 
numbe 
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number of experiments has not yet been made on this 
falt to make us acquainted with all its properties “. 


Species V. Muriate of Potaſh. 


Mostar of potaſh, which was formerly called e- 
brifuge ſalt of Sylvius, is a ſaturated combination of the 


muriatic acid with potaſh. 


It has been improperly 


named regenerated marine ſalt ; for the nature of its 
baſe renders it different from that ſalt. Its cryſtals are 
cubic, but always of a confuſed appearance, and ra- 
Its taſte is ſaline, pungent, bit - 
When expoſed to fire, it de- 
crepitates; that is to ſay, its cryſtals break into ſmall 
pieces; which is occaſioned by the ſudden rarefaction 
of the water which enters into their compoſition. If 
ſuffered to remain in the fire after decrepitation, it 


ther an irregular form. 
ter, and diſagreeable. 


melts and is volatiliſed, but not decompoſed. 


It may 


be uſed as a flux for earths and metallic ſubſtances. 
Its chief uſe in ſuch caſes is to cover the matters to be 
melted, and by this means fix the action of other 
fluxes employed, hindering them from becoming vo- 
latile, and preventing ſuch alterations as might be oc- 
caſioned by the acceſs of air. 

Muriate of potaſh is ſubje& to little alteration from 


the air, as it ſcarce attracts moiſture. 


About three parts of cold water are neceſſary to 
maintain in ſolution one of this ſalt ; nor has hot wa- 


ter any greater power of diſſolving it. 


For this reaſon 


a flow evaporation is uſed, to give it in cryſtals, It is 


. 1.1 1 water, II. 


E e 2 


ICo grains nitrate of ſoda, contain 28.80 acid, 55.09 alkali, 


One 
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one of thoſe ſalts which it is very difficult to obtain in 


regular cryſtals of a certain ſize. celve 
Clay ſeems to decompoſe it in part: for muriatic ſulp! 
acid may be obtained by diſtilling this ſalt with the ed t 
clays in the neighbourhood of Paris. That operation ae: 
indeed affords but a ſmall quantity of the acid, and it the r 
reſult is very different from that which nitrate of potaſ oY 
affords. Sand is alſo known to act in the ſame manner Ing 5 
as clay on muriate of potaſh. done 
Barytes, according to Bergman, ſeizes the acid, len. yy 
ing the potaſh in a ſeparate ſtate. Magnefia and line gent 
produce no alteration on this ſalt. apo 
| = . 3 ; 0 
The ſulphuric and the nitric acids difengage the 
muriatic with efferveſcence . This phenomenon j " 
Ag” . ; ; ter, Ec 
the more ſtriking, if the potaſh be dry. Muriate d 27 
Wh way. 
potaſh, after decrepitating, and loſing the water of is 1 
: | 0 
cryſtals, gives a very conſiderable efferyeſcence wit . 
. ; ; utn 
the concentrated ſulphuric acid, and the mixture be 
. ter, a 
comes very warm. Where theſe decompolitions at *h 
: A Rs ot 0 
performed in retorts, muriatic acid paſſes into the ws ' 
| | where 
celyet ; 
ok veg 
We have already obſerved, when ſpeaking of the decompolita duces 
of nitre of potaſh by the concentrated ſulphuric acid, that the nns tic ac 
acid is then diſengaged with a lively efferveſcence. We find the ns ; 
3 hee . 1 monia 
riatic acid exhibiting the ſame phenomenon; in a much more emi 
degree indeed, becauſe this acid has a very ſtrong tendency to aun 3. By 
the gaſeous ſtate. This is the general cauſe of all effervelcences, mean: 
nature and diſtinctions of which have, till of late, been but very ine 07 
fectly known. It was formerly thought that they were owing lo 10Wr 
diſengagement of air: we now know them to be produced, not yt Thi 
but by all bodies which have any tendency to the ſtate of acrifumg cellen 
gregation; and thus we have ſhown, that the ebullition of water 1 vile t 
be conlidered as a fort of efferveſcence. As this truth needs o et 
frequently repeated, in order that it may become generally known, * putaſh 
Mall take occaſion to recur to it ſeveral times when treating of ve Mu 


Fereat neutral ſalts which admit of decompoſition by acids. —F. 
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ever, and the reſidue in the retort is found to be 
ſulphate of potaſh, If the ſulphuric acid was employ- 
ed to effect the decompoſition ; but if the nitric acid 
was uled, aqua regia is obtained in the receiver, and 
the reſidue is nitre of potaſh., The boracic acid likewiſe 
decompoſes' muriate of potaſh by diſtillation, diſengag- 
ing the muriatic acid. As all of theſe operations are 
done with muriate of ſoda or marine ſalt, we ſhall give 
a more particular account of them under that article. 
Neither the fluoric nor the carbonic acid acts in any way 
on muriated potaſh, | 

Neither ſulphate nor nitrate of potaſh or ſoda ad 
upon this ſalt. When all are diſſolved in the ſame wa- 
ter, each of them is cryſtalliſed ſeparately and in its own 
way. 

Muriate of potaſh is frequently met with in nature; 
but never much of it together. It is found in ſea wa- 
ter, and in the water of ſalt ſprings; ſometimes, though 
not often indeed, it is met with in the tame places 
where nitre of potaſh is found ; it is alſo found in aſhes 
of vegetables, and in ſome animal humours. Art pro- 
duces it, 1. By a direct combination of the muria- 
tic acid with potaſh ; 2. By decompoſing earthy, am- 
moniacal, or metallic muriates by the ſame alkali ; 
3. By decompoſing ſulphate or nitrate of potaſh, by 
means of the muriatic acid, as M. Cornette has 
ſhown, 

This neutral ſalt was formerly adminiſtered as an ex- 
cellent febrifuge. But it poſſeſſes not this property other- 
wile than in common with all bitter ſal:s. Sulphate of 
ptaſh or ſoda is now preferred to it. 

Muriate of potaſh is applied to no uſe in the arts. 


E e 3 Its 
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Its diſagreeable taſte hinders it from being uſed, lik 
muriate of ſoda, for ſeaſoning, But it has all the che. 
mical properties of that ſalt; and the only difference 
between them is, that muriate of potaſh has a bitter 
taſte, is more difficult of ſolution, is unalterable by the 
air, and is irregularly cryſtalliſed. We ſhall therefore 
inſiſt no more upon its hiſtory . 


Species VI. Muriate of Soda. 


MuxrIaTEz of ſoda, better known under the name of 
culinary or common ſalt, is a perfect neutral ſalt, formed 
by a faturated combination of the muriatic acid with 
ſoda. The reader will perceive that the nomenclature 
which we have hitherto uſed, renders a definition of 
the nature of theſe neutral ſalts almoſt unneceſſary ; a 


the name of each is expreſſive of its nature, 


This ſalt abounds in nature more than any other ſpe- 
cies, It is found in vaſt maſſes in the interior parts of 
the earth, in Spain, Calabria, Hungary, and Muſcory, 


but more eſpecially at Wieliczka in Poland, near the 


Crapack mountains f, In the laſt of theſe places the 


mines 


* 100 grains of muriate of pataſh, contain 29,68 acid, 63,47 alk 
li, and 6,85 water. —H. 


+ It is found alſo in Switzerland and Tyrol, and at Northwich i 
Cheſhire in England: and it has been inferred from the exiſtence of the 
falt ſprings in Lorraine and Franche-Comté“; that there are ſalt mina 
in the bowels of the earth, in theſe diſtricts of the French territory. 
Strata of foſſil ſalt probably owe their origin to the natural deficcation 
of lakes of ſalt water, or from the precipitation of the ſalt, by a nan 
ral proceſs in ſuch lakes. For a good account of the manner of work 
ing ſalt mines, See Memoire fur le Sel Marin, par M. Haſenſrus 
Annales de Chimie, tom. XI. p. 65.— H. 
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mines are of vaſt extent, and the muriate of ſoda is found 
in prodigious maſſes. This ſalt, as it exiſts in the earth, „ 
is generally irregular, and ſeldom. cryſtalliſed ; it is 
uſually more or leſs white, but ſometimes coloured: in 
this ſtate it is called ſal gem, having often the tranſpa- 
rency of the cryſtals known under that name. The 
waters of the ſea, as well as of ſome lakes and rivers, - 
contain this ſalt. From theſe waters it is obtained by 
four general proceſſes. ; 

The firſt is ſpontaneous evaporation by the heat of 
the ſun. This method is uſed in our ſouthern provin- 
ces, in Languedoc, at Peyrac, Pecais, &. Trenches 
are cut on the ſea ſhore, and very compactly lined with 
clay : within theſe trenches little walls are built, di- 
viding them 1nto certain compartments, yet leaving a 
general communication. When the tide flows, the 
trenches are filled with water, which is retained in them 
by the walls forming a kind of fluice-gates. Care is 
taken that the layer of water retained be thin enough 
to be readily evaporated by the rays of the ſun. As 
ſoon as a ſaline pellicle is formed, it is broken, and the 
fragments fall to the bottom; and the ſame procels is 
repeated till the water be entirely evaporated. The 
ſalt is then gathered with rakes, and laid in heaps to dry. 
This ſalt contains a mixture of all the other ſalts that 
exiſt in a ſtate of ſolution in ſea-water, ſuch as ſulphate 
of ſoda and magneſia, muriate of magneſia and lime: 
it is alſo contaminated with a portion of clay from the 
bottom of the trench : and, laſtly, ſmall globules of 
iron and mercury are found in it. The exiſtence of the 
latter in it may be eaſily ſhown by leaving a ſmall piece 
of gold among the ſalt for ſome time: it becomes evi- 
Le4 dently 
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dently whiter. This ſalt being very impure, is known 
under the name of /e] de gabelle. 

In the northern provinces of France, in Normandy 
and Brittany, this ſalt is prepared by an artificial eyz. 
poration by fire. ln Avranches they take the quickſand; 
among which the ſea water has depoſited ſaline cryſtals, 
and waſh them in the ſmalleſt quantity poſſible of ſea 
water, in order that no more may be uſed than what is 
neceſſary to diſſolve the ſalt : This falt water is then 
put into lead veſſels, and evaporated to dryneſs. This 
ſalt is very white, and purer than that prepared by eya. 
poration in trenches. Guettard has given à careful del. 
cription of the whole proceſs in the Memoirs of the Aca. 
demy for the year 1758, 

In Lorraine and Franche-Comte there are many ſalt 
ſprings. The quantities of muriate of ſoda which 
thoſe ſprings contain 1n proportion to the quantity of 
water are various. At Montmorot, in the laſt of theſe 
provinces, both ſpontaneous evaporation and evapo- 
ration by fire are uſed in the preparation of this ſalt, 
For that purpoſe, the well-water is conveyed by pumps 
into a large reſervoir placed at the top of a ſhed ofa 
peculiar conſtruction, Under this ſhed are ſuſpend- 
ed boards covered with little faggots of thorns, The 
water falling upon theſe faggots through ſmall cocks, 
is divided into very miaute drops: and as it thus 
expoles a great deal of ſurface to the air circulating 
rapidly under the ſhed, nearly two-thirds of it 1 
evaporated. What is depofited on the faggots is ſul- 
phate of lime or ſelenite. And when the liquor, upon 
trial with an inſtrument for the purpoſe, is found to be 


charged with ſalt to a certain degree, it is conveyed 
into 
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into large iron boilers ſupported by bars of the ſame 
metal, which croſs the bottoms of the veſſels, and reſt 
on pieces of wood placed on each fide. Theſe boilers 
which are called over, are very large and ſhallow, and 
hold an hundred hogſheads * of the ſalt water. They 
are then urged with a ſtrong fire. When the water 
boils up in large bubbles, it is at firſt muddy, and ſoon 


lepoſites an ochreous earth on its ſurface in the form of 


a ſcum. A ſalt, which is ſcarcely ſoluble, and is called 


by the workmen chlot, is next ſeparated : This falt is 
nothing but ſulphate of lime mixed with a little muriate 


of ſoda, ſulphate of. ſoda, and earthy muriates. It is 
conveyed by the circulation of the boiling liquor into 
little troughs placed round the fides of the boilers for 
the purpoſe. Theſe troughs are taken out, and cleared 


from time to time, till a great quantity of ſmall cubical 


cryſtals called by the workmen pied de mouches, are 
obſerved floating on the ſurface of the liquor. They 
are then taken away for the laſt time. The fire is di- 
miniſhed, and the muriate of ſoda is taken off with la- 


dles as faſt as it is cryſtallized. The evaporation is 


thus continued as long as the 'water continues to afford 
cryſtals, The ſalt thus obtained is in larger or ſmaller 
cryſtals, according to the ſlowneſs or rapidity of the e- 
vaporation, The water which remains when cryſtals 
are no longer obtained, is called mother water, and con- 


tains earthy muriates f. 
Wallerius 


NMuidi, containing each 380 French pints. 


There is a neutral ſalt prepared at Montmorot, known under the 
name of Epſom ſalt of Lorraine; but it is only ſulphate of ſoda, or 
Clauber ſalt, the cryſtallization of which has been diſturbed. It is 

diſtinguiſhed 
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Wallerius gives an account of a fourth proceſs for 
obtaining ſalt from ſea water, which is practiſed in the 
north. The water is confined in trenches on the ſhore; 
as it forms but a ſmall ſtratum, the cold ſoon penetrate 
through and freezes it. But as that portion neceſſary 
for the ſolution of the ſalt contained in the whole 
quantity of water cannot be converted into ice, what 
remains fluid contains all the ſalt, and is ſo concentra. 
ted that the moſt moderate heat cauſes it to afford my. 
riate of ſoda in cryſtals: it is then conveyed into leaden 


boilers, and evaporated by fire. 


The cryitals of muriate of ſoda are very regular 
cubes of a larger or ſmaller fize, in proportion as the en. 
poration has been ſlower or more rapid. They tick to. 
gether in cluſters, forming a kind of ladders, or rather 
Rouelle the elder obſerved this phenomenon, 
and bas given an accurate deſcription of it in his Me 
Bergman has given a very in- 


hoppers. 


moirs on Cryſtallization. 
genious explanation of this fact. 


Every body knows the taſte of this ſalt, which is not 


diſagreeable. 


When expoſed to a briſk heat it burſts and flies ins 


to pieces. This phenomenon 1s called decrepitation. 


It is owing, as we have already obſerved when ſpeak- 


ing of ſulphate and muriate of potaſh, to the ſudden 
rarefaction of the water on which the cry(tailization 
depends. When all the water is thus evaporated, tit 


decrepitation ceaſes, and the ſalt appears in a powder: 
| lf 


diſtinguiſhed from genuine ſulphate of magneſia and Epſom ſalt, ſud 
as comes from England, by its elloreſoing i in the air, while the lat 
deliquiates.— F. 
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If we continue to urge it with a ſtrong heat, it melts 
iter becoming red-hot. If poured in this ſtate on the 
xl1n2 ſurface of a piece of marble, it congeals into a 
kind of cryſtal mineral; but it has not ſuffered the 
leaſt alteration, for it may be reſtored to its original 
form by ſolution in water. Fire therefore does not de- 
compoſe it: if maintained for ſome time in fuſion, it is 
at length volatilized, but ſtill without alteration. The 
moſt intenſe heat is requiſite to bring it into this laſt 
ſtate. 

Muriate of ſoda when pure ſuffers no ſenſible altera- 
tion from air; it rather becomes dry than acquires 
moiſture. It never indeed attracts moiſture but when it 
contains a mixture of muriates with earthy baſes, ſuch 
asin ſel de gabelle. ' 

It diſſolves very readily in water : three parts of the 
fluid are ſufficient to maintain one of this ſalt in ſolu- 
tion. Three ounces and an half of water will entirely 
diſſolve an ounce of the ſalt. Boiling water does not 
diſſolve it in a greater proportion than cold water; only 
the ſolution is rather ſooner effeted with the help of 
heat, A very ſlow evaporation is requiſite to give this 
alt in cryſtals. The cryſtallization begins with the 
formation of a number of ſmall points on the ſurface of 
the liquor, which are gradually united in a pellicle, 
more or leſs thick; inſtead of being cubic, the cryſtals 
are ſometimes ſquare hollow pyramids, reſembling hop- 
pers. Rouelle the elder, who paid the greateſt atten- 
tion to all the phenomena of this cryſtallization, obſerv- 
ed the hoppers to be formed in the following manner. 
When a cube is formed, the little ſolid ſinks a ſhort way 


beneath the ſurface of the water; a ſecond is ſoon 
| formed, 


- 
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formed, and connected with the firſt on one of its ſides; 


and the ſame phenomenon takes place on the " "Why 


ther ſides of the cube. This aggregation of cubic cy. 
ſtals naturally produces narrow inverted Pyramids, 
When theſe are large they fink to the bottom. If the 
ſalt diſſolved was very pure, what remains of the water 
after it has been evaporated till it would afford no more 
cryſtals, is entirely without any ſaline matter, The 
water of the ſea and of ſalt ſprings always contains filts 
with an earthy baſe. The earth may be precipitated 
by ſoda, as we ſhall have occafion to mention when 
ſpeaking of earthy neutral ſalts. Such is the method 
uſed for obtaining muriate of ſoda in a ſtate of great 
purity. 

Muriate of ſoda appears to contribute to the fuſion of 
glaſs. It conſtantly occupies the upper part of the pot 


in which this matter is melted, and conftitutes the: 


greateſt part of glaſs-gall. 
It is uſed for vitrifying the exterior ſurface of cer. 


tain pottery wares, and for giving them a'kind of cover, 
by melting down part of their ſubſtance with the force 
of heat communicated through the falt. This is eafily 
eſſected by throwing a certain quantity of muriate d 
ſoda into the furnace. It is volatilized, and by thi 
means ſpread over the ſurface of the earthen ware, 
which, by its intenfe heat, it cauſes in part to melt 
This is the Engliſh way of glazing. 

Siliceous earth ducs not alter this ſalt, though it ap 
pears to promote its fuſion. 

Pure clay acts with much leſs force on muriate d 
ſoda than on nitres. When diſtilled with this ſalt, i 


altords but a very ſmall quantity of a weak phlegmati 
* 
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acid. Diſtillers of aquafortis, it is true, obtain in this 
manner the muriatic acid called /pirit of ſalt: but they 
make uſe of /e/ de gabelle for the purpole ; and it con- 
tains yarious muriates with an earthy baſe; beſides, the 
clay which they uſe is very impure, and of a deep colour. 

According to Bergman's experiments, barytes de- 
compoſes muriate of ſoda, as well as the other alkaline 
ſalts; neither lime nor magneſia produces any altera- 
tion on muriate of ſoda. Perhaps theſe two ſalino- ter- 
rene ſubſtances, in combination with the carbonic acid. 
might ſeparate the component principles of muriate of 
ſoda by a double elective attraction, | 

Cauſtic potaſh decompoſes muriate of ſoda, having 
a greater affinity than ſoda with its acid. A ſolution 
of muriate of ſoda mixed with potaſh, gives by evapo- 
ration muriate of potaſh, and the mother water con- 
tains pure inſulated ſoda. 

Acids act in a very diſtin manner on muriate of 
ſoda, When concentrated ſulphuric acid is pour- 
ed on this ſalt, it cauſes a very conſiderable motion 
and a very lively heat. A violent efferveſcence is ob- 
ſerved on the occaſion *,- which ariſes from the diſen- 
gagement of the muriatic acid under the form of gas. 
This aëtiform acid may be_ diſtinguiſhed after it has 
eſcaped into the atmoſphere, as it forms a white vapour 
with the water in the air, and has, when the vapour 

is 


Eſferveſcence is as obſervable in this operation as in the union of 
the ſame acid with lime and alkalis ſaturated with carbonic acid. 
It takes place, therefore, whenever any body ſeparated from a ſtate 
of combination is volatilized under a gaſcous form : and it may be 
produced by the carbonic, the muriatic, the nitric, the ſulphureous, 


and the fluoric acids, &c. It muſt not be aſcribed to the dilengage- 
ment of air, F. 
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is very much diluted, a pungent ſmell not unlike that 
of ſaffron. A conſiderable quantity of muriatic acid 
gas may be obtained by performing the operation with 
a pneumato-chemical machine provided with mer. 
cury. Glauber was the firſt who obſerved that the 
acid of marine ſalt might be obtained by decompoſing 
the ſalt with ſulphuric acid, and deſcribed the pro. 
ceſs for obtaining it; on which account this has re. 
ceived the name of Glauber's ſpirit of ſalt. It was in 
_ examining the reſidue of this operation that he diſco. 
vered his admirable ſalt to which we now give the 
name of ſulphate of ſoda. 

Almoſt all writers on the ſubjeR, direct the diſtilla. 
tion of this ſalt to obtain the muriatic acid, to be per. 
formed by putting a quantity of it into a tubulated 
ſtone-retort, and pouring in at the orifice half its 
weight of concentrated ſulphuric acid: A conſiderable 
quantity of acid vapour is immediately diſengaged, 
which paſſes by the extremity of the retort into two 
balloons prepared to receive it: One of theſe vel. 
ſels has a little hole to let the vapours eſcape, ſo that 
they may not burſt the veſſels. In this operation, 2 
well as in the diſtillation of the nitrous acid, a conſi- 
derable quantity of the pureſt muriatic acid is loſt — 
eſcaping in a gaſeous form through the hole of the bal. 
loon ; and the vapours of this acid being ſo very corto- 
five, are exceedingly troubleſome to the operator. To 
obviate in part this inconvenience, M. Baume puts 
quantity of water into the retort ; and the water be- 
ing volatilized in the balloon, abſorbs part of the mu- 
riatic acid gas: But as the water is much leſs volatile 


than the acid, there is ſtill a conſiderable quantity d 
| the 
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the acid loſt, Mr Woulfe has found means to obviate 
all theſe inconveniences, and to procure the muriatic 
acid in the ſtrongeſt and moſt concentrated ſtate of 
which it is capable, by an expedient directly contrary 
to M. Baumé's. Inſtead of volatilizing the water, to 
make it abſorb the vapours of the muriatic acid, he cau- 
ſes the gas to paſs through that liquid by the apparatus 
which we deſcribed under the article of nitre. 

For every two pounds of muriate of ſoda and one of 
the concentrated ſulphuric acid that are mixed in the 
retort, eight ounces of diſtilled water are put into the 
collateral bottles. The muriatic acid gas is conducted 
through the tubes into the water in' the bottles, and 
there diſſolved. The water, as it combines with the 
gas, is heated almoſt to ebullition, and abſorbs a quan- 
tity equal to itſelf in weight. When fully ſaturated, 
it ceaſes to abſorb the gas and becomes cold; but the 
gas paſſing into the ſecond collateral bottles, is again 
immerſed in the water which they contain, and heats 
and ſaturates it. 


This very ingenious proceſs being perfectly conſiſt- 


ent with the known properties of the muriatic acid gas, 
poſſeſſes a number of adyantages. 1. It ſecures the 
operator from the inconveniences to which he is expoſ- 
ed when the acid is diffuſed through the open air. 2. It 
prevents the very conſiderable loſs of the acid, which 
was unavoidable in M. Baume's proceſs. 3. It gives the 
muriatic acid in a ſtronger, more concentrated, and 
more fuming ſtate than we could poſſibly have it other- 
wile. 4. The acid obtained this way is extremely pure, 
being entirely formed of gas that has been diſſolved in 
water, It is on this account extremely white ; whereas 

3 that 
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that which was formerly obtained in the laboratory was 
always of a citron colour; a circumſtance which eyen 
led chemiſts into a miſtake, for they conſidered this 
colour as a charaQteriſtic /Pmerty of the acid, That 
portion of the liquid acid which is in this proceſs con. 
denſed in the receiver is yellow, and contaminated with 
extraneous matters conveyed anto it by the water of the 
mixture, as happened to the whole of what was obtain- 
ed in the old way. 5. The new method directs the o- 
perator what ſtrength of fire to uſe, and how to condud 
his operation by the ſlower or quicker paſlage of the 
gaſeous muriatic acid through the water in the bottles, 
6. Laſtly, what is of more importance than any of its 
other advantages, it enables us to determine the pre- 
ciſe quantity of acid contained in any neutral ſalt, a 
not a particle of the acid ſeparated is loſt. 

The nitric acid likewiſe decompoſes muriate of ſoda; 
but, being volatile, it aſcends and unites with the acid 
of this falt. From this union reſults the mixed acid 
known by the name nitro-muriatic acid, or aqua regia. 

Baron has diſcovered that the boracic acid, with the 
help of heat, diſengages the acid from muriate of ſoda, 
The reſidue, after this diſtillation, is genuine borax ot 
ſoda in a very pure ſtate. 

Neither the carbonic nor the fluoric acid aQs 1n any 
diſtinct manner on muriate of ſoda, 

None of the neutral ſalts hitherto deſcribed by u 
acts upon this ſalt. When ſulphate. and nitrate « 
potaſh and ſoda and muriate of potaſh are diſſolved in 
the ſame water with muriate of ſoda, each of theſe ſalts 
cryſtalliſes by itſelf, and in its own way. Munate ct 
ſoda is among the firlt which are ſeparated in the pt. 
3 gre 
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greſs of the e poration, and it mixes with a little of 
the ſulphate and muriate of potaſh ; but the ſulphate 
of ſoda and nitrate of potaſh remain longer in ſolution, 
and are cryftalliſed by the cooling of the liquid. On 
this account, in Lorraine, the mother-water, from 
which marine ſalt has been obtained, is put into veſſels, 
and ſtirred while it cools, with ſtaves for the purpoſe ; 
which cauſes the ſulphate of ſoda to cryſtalliſe in a con- 
fuſes manner, in ſmall needles, reſembling thoſe of ge- 
nuine Epſom ſalt, or ſulphate of magneſia. 

The uſes of muriate of ſoda are extremely various: 
It is employed, 1. For glazing ſome kinds of earthen 
ware by occaſioning a flight fuſion of their exterior ſur- 
faces. 2. By glaſs-makers, for whitening and purify- 
ing glaſs. 3. In aſſaying metallic ores, as a flux to the 
matters of which the ſcoriæ are formed, to facilitate the 
precipitation of the metals, and to defend them from 
the contact of the atmoſphere, ſo that they may ſufter 
no change from the air. 

At preſent we find it neceſſary to apply it to a pur- 
poſe of ſtill more importance than any or theſe, - for the 
extraction of ſoda, which is becoming every day more 
ſcarce, and is of eſſential uſe in many of the arts. 


Several people in England poſſeſs the ſecret of obtain- 


ing ſoda from marine ſalt in the great way *, and prac- 
tile it in conſiderable extent. 

Some chemiſts have thought litharge capable of de- 
compoling muriate of ſoda by ſimple maceration and 
cold. It would appear that, in conſequence of its con- 

Vol. I. F.f taining 


* We underſtand that the extraction of ſoda from marine ſalt is 


not practiſed in England to ſuch extent as M. Fourcroy ſeems to 
tink. _ H. 
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taining carbonic acid capable of attracting ſoda, and 


forming with the muriatic acid an inſoluble ſalt, eaſily 
ſeparable from the alkaline lixivium, it muſt a by , ſam 
double elective attraction; but the experiments which ther 
I have made on this point, convince me that the pro. Thi: 
ceſs is inadequate to the purpoſe. Scheele obſeryel, Eſſa 
that iron immerſed in a ſolution of muriate of ſoda i dani 
coated with ſoda ſaturated with carbonic acid, He T 
treated ſulphate and nitrate of foda in the ſame man. tic a 
ner, with the ſame fucceſs. He diſcovered, that quick. and 
lime mixed with muriate of ſoda, if the mixture In m 
were depoſited in a damp cellar, afforded an effls recot 
reſcence of ſoda and calcareous muriate. This fact vs phat 
firſt communicated to the public by Cohauſen in the have 
year 1717. M. de Morveau has proved, that theſe de. WW caſes 
1 compoſitions are effected by means of the carbonic in do 
4 1 acid; for if a ſolution of ſulphate and muriate of po. comn 
an aſh be poured upon lime-water precipitated by the car WW part 
bonic acid, it becomes clear and tranſparent ; bu uri: 
when water containing carbonic acid, is poured on a fo. 
lution of thoſe ſalts mixed with lime-water, no precips- 
tation takes place. Theſe facts are fo many data, 0 
which we muſt proceed in attempts to obtain ſod * 


from marine ſalt, and to form extenſtve eſtabliſhment 
for the purpoſe. Its wei 
Muriate of ſoda is uſed as ſeaſoning to the articles f © 
our food, and corrects their inſipidity. It likewiſe f. R 
cilitates digeſtion, by beginning the putrid alteration « Wi oa it a 
the ſubſtances we uſe for aliment. Though it be fu er b 
proved by the experiments of Pringle, Macbride, 6 x 
that when mixed in a pretty large proportion with all 


mal ſubſtances, it retards putrefaction, and is pow 
ful 
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fully antiſeptic, like moſt other ſaline matters; yet it 
acts in a very different manner when mixed with the 
ame ſubſtances in a very ſmall proportion, caufing 
them to paſs more readily into a ſtate of putrefaction. 
This is proved by the experiments of the author of the 
Eſſays on the Hiſtory of Putrefaction, and by M. Gar- 
danne's experiments. 

The ſalt is not leſs uſeful in medicine. In apoplec- 
tic and paralytic caſes, &c. it is put into the mouth, 
and uſed externally in baths, as an excellent ſtimulant, 
In moſt caſes it is a powerful diſcuſſive. It is ſtrongly 
recommended by Ruſſel (de Tabe Glandulari) for lym- 
phatic tumours, occaſioned by a ſcorbutic habit. I 
have myſelf preſcribed it ſucceſsfully for ſeveral diſ- 
eaſes of that kind. It is purgative when adminiſtered 
in doſes of ſeveral drams. As the moſt impure ſalt is 
commonly uſed an all theſe occaſions, its effects are in 
part to be aſcribed to the calcareous and magneſian 
muriates which it contains &. 


F f 2 Species 


The water of the Baltic ſea is ſaid to contain n of its weight of 
lalt; the water of the ſea between France aud England contains r of 
ts weight of ſalt. On the coaſts of Spain, the water of the ſea has 
1; of ſalt. Between the tropics, the ſea-water is {aid to have from 3 
to xr of ſalt. The Feltonic ſalt water lake, in the Ruſſian dominions, 
vas once almoſt ſolid with ſalt, fo that heavy waggons were driven up- 
on it as upon ſtrong ice. But, in the year 1757, the proportion of the 


water began to increaſe. And it has fince increaſed ſo much, as to | 


form now within the baſon, only a lake ſtrongly impregnated with 
lalt.— H. 
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Species __ Borax of Soda, or Super: ſaturated Barats 
of Soda * 


BoR Ax of ſoda, or common borax, is a neutral ſalt, 
formed by the combination of the boracic acid with h. 
da. We get this ſalt from the Eaſt Indies; but its hif. 
tory is very little known, We know not certainly pla 


whether it be a product of nature or of art 4. If the FS 
diſcovery of the boracic acid exiſting in a ſtate of ſyly. * 
tion in the waters of ſeveral lakes in Tuſcany, a fad We 
which we mentioned in the hiſtory of that acid, gin m 


us reaſon to think borax a product of nature, a variety 
of facts which we ſhall hereafter mention, concur u pet 


ſhow that this ſalt may be alſo formed by certain arti pur 
ficial proceſſes, as well as nitre. | | it; 
Borax of ſoda appears in commerce in three dit. P 
rent ſtates. In the firſt, it is crude borax, zinchal « AS 
chryſocolle. This we get from Perſia ; it is in greenih iſ 
maſſes which feel greaſy, or in opaque cry ſlals, colour 2 
ed like green leeks, which are'prifmatic figures of . 
faces, terminating in irregular pxramids. There at g ni 
even two kinds of theſe greeniſh cryſtals, diſſering from I; 
each B 
cary 
* Hitherto we have begun with examining the neutral ſaks forne of fo 
by the union of the acids with potaſh, But, in ſpeaking of thoſe i. 3 
to which the boracic acid enters, we are obliged to begin with thi indi 
which has ſoda for its baſe, for it is the muy one with which wes it at 
well acquainted. —F. tiful 
+ Kirwan, in his mineralogy, page 206. informs us, that it is by We 
out, of the earth ia the Kingdom of Thibet, in a cryſtalline form. I 
the Philoſophical Tranſactions for the year 1787, we are informed? firm: 
a letter from Mr Blaue, dated at Lucknow, that the borax of Ta 
is formed in a certain valley in that country, by the co- operation i 0 


ſnow and the waters of a lake in the middle of the valley, with 2 
matter which abounds over the valley, — H. 
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each other in ſize, This ſalt is very impure, a great 
many extraneous ſubſtances being intermixed in it. 
The ſecond ſpecies is known by the name of China 
borax. It is rather more pure than the former: it ap- 
pears in the form of ſmall plates, or in maſſes irregu- 
larly cryſtalliſed, and of a dirty white colour: it diſs 
plays the beginnings as it were of priſms and pyramids 
confounded together without any ſymmetrical arrange- 
ment. The ſurfaces of theſe cryſtals are covered over | 
with a white duſt, which is thought to be of an argilla- 
ceous nature. 
The third ſpecies is Dutch or refined borax. It ap- 


5 pears in fragments of cryſtals, tranſparent and tolerably 

nh pure : pyramids with a number of faces are obſeryed in 
it; but their cryſtalliſation appears to have been inter- 4 

in, rupted. This form affords a certain indication of the 1 


manner in which the Dutch purify this ſalt ; it is by ſos 

| lution and cryſtalliſation. 

mid . 3 
Laſtly, It is prepared at Paris by Meſlrs Leſguillers, 

druggiſts in Lombard - Street: and their purified borax 


5 is no way inferior, perhaps even ſuperior, in purity to 

E- the Dutch borax. 

ach Beſide theſe four kinds of borax, M. la Pierre apothe- 
cary in Paris has imagined it to be formed 1a a mjxture 

1＋ of ſoap-ſuds with dirty kitchen- water, which a certain 


individual preſerves in a ſmall trench, obtaining from 
it at the end of a certain time genuine borax iu beau- 
titul cryſtals, But this fact, though firſt communica- 
ted to the public ten years ſince, has not received con- 
firmation &. 


F f 3 | We 


& Ten years, at the date of the publication of the 3d edition of this 
work. —H, 
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We are ſtill ignorant therefore in what manner bo· 
rax is formed; only it appears to be produced in ſtag. 
nant waters containing fat matters. Some authors af. 
fure us, that it is artificially compoſed in China, by 
mixing in a trench, greaſe, clay, and dung, in alter. 
nate layers, watering this collection of matters at pro. 
per times, and leaving it untouched for feveral year, 
At the end of this time, by forming thoſe matters into 
a lixivium, and evaporating the lixivium, crude borax 
is obtained. Others would perſuade us, that it is pot 
out of water filtered through copper ore. M. Baume 
poſitively afferts that the former of theſe proceſſes ſuc. 
ceeded very well with him. Chem. Eper. Tom, II 
nt 

Purified borax appears under the form of fſix-fided 
priſms, two of the ſides larger than the reſt, with tri 
hedral pyramids. It diſplays many varieties in its 
cryſtalliſation, Its taſte is ſtiptic and urinous, It 
communicates a green colour to ſyrup of violets, on ac. 
count of its containing an extraordinary proportion of 
ſoda. We leave it in poſſeſſion of the name of borax, 
in order to diſtinguiſh it from genuine borate of ſoda, 
which is ſaturated with the boracic acid: we likewile 
call it borax ſuper-ſaturated with ſoda, to indicate the 
nature of the combination. | 

When expoſed to the action of fire, the water of it 
cryſtalliſation cauſes it to melt with great rapidity ; 
gradually loſes that water, and ſwells to a confiderabl 
bulk. It is then in the form of a light, porous, and 
very friable maſs, known by the name of calcined h. 
rax. The cauſe why borax of ſoda increaſes in bulk 
and aſſumes a lamellated porous form, on being * 

4 CINES, 
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cined, is, that the water which is diſengaged into a va- 

rous ſtate, -raiſes to the ſurface a portion of the ſaline 
ſubſtance half dried, and in light thin pellicles ; and 
the bubbles in which it riſes, making their way out at 
the ſurface, the pellicles become entirely dry, and are 
arranged one above another with interſtices between 
them. Calcination produces no alteration on borax of 
ſoda, as to its component parts : it loſes, in undergoing 
this proceſs, nothing but the water which mixed with 
it in cryſtalliſation, nearly in the proportion of fix oun- 
ces tothe pound. We can reſtore to it its original form 
by diſſolving it in water, and cauſing it to cryſtalliſe 
anew. But if after it has been calcined, we expole it 
to a continued heat, it melts on becoming red-hot into 
a very fuſible tranſparent greeniſh glaſs ; which is ſul- 
lied by expoſure to the air, and melts in water. Even 
fuſion produces no change of nature on borax ; we 
can cauſe it to reſume its original appearance, with 
all its peculiar properties, by ſolution and cryſtalli. 
lation. 

Air effects no alteration on this ſalt : it makes it ef- 
floreſce indeed at the ſurface by depriving it of part of 
the water of its cryſtalliſation. But this effloreſcence 
does not take place in the ſame manner on all the ſeve- 
ral kinds of purified borax of ſoda, The borax of 
China gives a much flighter effloreſcence than Dutch 
borax, Dutch borax likewiſe gives a more copious ef. 
fluoreſcence than the borax purified in Paris. This ſlight 
difference depends no doubt on the different proceſſes 
adopted for purifying it ; on the manner in which its 
cryſtals contain water, according as they have been more 
lowly or quickly; and perhaps too on the different 
Ff4 proportions 
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proportions of ſoda, and the boracic acid, err enter 
into its compoſition. 


i0 

Borax of ſoda diſſolves very readily in water: twelye u. 

parts of cold water are neceſſary to diſſolve one of thi all: 

ſalt ; half that quantity of boiling water will produce Ami 

the fame effect. It is obtained in cryſtals by cooling T 

the ſolution ; but the moſt beautiful and regular cry. If it 

ſtals are formed in the mother- water, when it is left to quat 

evaporate flowly, with the ordinary temperature of the to þ 
atmoſphere, may 

Borax of ſoda ſerves for a flux to filiceow it, 2 


# if earth, and joins with it to form a very fine glik. 
1 It is uſed in the preparation of artificial precious 
ſtones. 

It likewiſe cauſes clay to vitrify, but with much more 
difficulty, and more imperfectly. This is the rea 
ſon of its ſticking to the crucibles in which it is put to 
melt. 

We are rather unacquainted with the ation of 
pure barytes and magneſia on borax of ſoda, Berz. 
man, however, ranks thoſe two ſubſtances before 
the alkalis in the tenth column -of his table of at- 
finities; which ſhows that he thinks them capable 
of decompoſing this ſalt: But in his differtation, 
he ſays, that the aſſinities of ponderous earth and 
magneſia with the boracic acid are not yet exallly 

known. 

Lime has actually a greater affinity than ſoda will 

this acid. Lime-water precipitates a ſolution of thi 
ſalt; but to make it decompoſe it entirely, we mul 
boil quicklime and borax of ſoda together: an alm 


inſoluble ſaline combination of lime with the boraci 
| acid 
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ieid is then depoſited, and the cauſtic ſoda is left in ſo- 
lution in the water. 

Potaſh appears to decompoſe borax of ſoda as well as 
all other neutral ſalts with a baſe of mineral alkali. . 
Ammoniac produces no ſort of alteration on this ſalt. 

The acids act on borax in a very diflin@& manner. 
If into a boiling ſolution of borax of ſoda you pour a 
quantity of concentrated ſulphuric acid, taking care 
to give the liquor a very ſmall exceſs of the acid, you 
may obtain from this mixture, by filtrating and cooling 
it, a very copious precipitate in ſmall bright fcales. 
This precipitate is boracic acid, and by waſhing it in 
diſtilled water, and drying it in the air, it is rendered 
yery pure. By evaporating the ſolution thus prepared 
and leaving it to cool, we obtain from time to time new 
quantities of boracic acid. At laſt, the product is ſul- 
phate of ſoda, formed by the union of the ſulphuric acid 
made uſe of on the occafion, with the alkaline baſe of 
borax. | 

The nitric and the muriatic acids decompoſe borax 
of ſoda in the ſame manner, becauſe they, as well as 
the ſulphuric acid, have more affinity with ſoda thin 
the boracic acid has. The laſt evaporations of theſe 
mixtures afford nitrate or muriate of ſoda, The diſco- 
very of the boracic acid ſeems to belong to Beccher, 
but has been uſually aſcribed ro Homberg, he having 
in the Memoirs of the Academy for the year 1702, gi- 
ven the firſt accurate deſcription of a proceſs for ob- 
taining it. That chemiſt obſerved this ſalt to be ſubli- 
mated in the diſtillation of a mixture of ſulphate of cal. 
cined iron with borax of ſoda and water. Imagining 
the firſt of theſe matters to contribute greatly to its 
formation, 
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formation, he gave it the name of narcotic volatile ſalt of 
vitriol. Lewis Lemery, eldeſt ſon to the famous Ni. 


cholas Lemery, made many experiments on borax of <. thu 
da, and diſcovered in the year 1728, that the boracie min 
acid, then called ſedative ſalt, might be obtained fron 
it by means of pure ſulphuric acid, and that the my. vitr 
riatic and the nitric acids likewiſe ſeparated it; but T 
ſublimation was the proceſs which he always uſed. We com 
are indebted to Geoffrey the younger for the firſt com. not 
plete analyſis of borax. In the year 1732, he proved B 
that the boracic acid might be obtained by evaporation mak 
and cryſtallization; and by examining the reſidue celle 
which remained after theſe operations, found ſoda tobe the 1 
one of the principles of borax. it at 
+ Baron's experiments on this ſalt, which were laid be u 
before the Academy in the years 1745 and 1748, added the 
two important facts to theſe diſcoveries: The fil, medi 
that vegetable as well as mineral acids decompoſed bo- 

rax of ſoda: The ſecond, that genuine borax may be 

formed by uniting the boracic acid with ſoda, The lat 

of theſe facts proves that the acid is entirely formed in W 
the ſalt, and that its formation is in no degree owing tv WF natio 
the acids employed to decompoſe the ſalt. that 

The fluoric, and even the carbonic acid though one from 

of the weakeſt, appears to be capable of decompoling borax 
borate of ſoda, and ſeparating the boracic acid. Th potaſl 
laſt acid unites readily with the borax of commerce; i ſays, 
alkaline baſe requiring, to be fully ſaturated, rather mat half.n 
of the boracic acid than a quantity equal to the what fords | 
weight of the borax. Bergman is even of opinion til ble, f 
this ſalt is not fully ſaturated nor properly neutral, ab acids 
that alkaline. properties ſtill continue to predominate , know 


7 
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it, till ſuch time as it receives this additional quantity of 
boracic acid. The properties of this neutral ſalt, when 
thus ſaturated, have' not as yet been particularly exa- 
mined, | 

None of the alkaline neutral ſalts, whether ſulphuric, 
nitric, or muriatic, acts in any manner on borax of ſoda* 

This ſalt acquires a reddiſh colour when melted with 
combuſlible matters, ſuch as charcoal ; but we know 
not yet what alteration it ſuffers from theſe matters. 

Borax is of great utility in many of the arts. In glaſs- 
making, and the aſſaying of metals, it is uſed as an ex- 
cellent flux. It is uſed in ſoldering metals to make 
the mixture run, which is deſigned for the folder ; and 
it at the ſame time ſoftens the ſurfaces of the metals to 
be united, and defends them from being calcined by 
the action of the air. It was formerly much uſed in 
medicine, but has gone quite out of uſe, 


Species VIII. Borate of Potaſh. 


Wer give the name of borate of potafh to the combi- 

nation of the boracic acid with potaſh. It is well known 
that theſe two ſaline ſubſtances readily unite, and that 
from their union reſults a neutral ſalt, reſembling 


borax of ſoda. Of this kind is the reſidue of nitre of 


potaſh, decompoſed by the boracic acid. M. Baume 
ſays, that this reſidue appears in the form of a white 
half-melted glaſs, which when diſſolved in water, af- 


fords ſmall cryſtals. Borate of potaſh is therefore fuſi- 


ble, ſoluble, and ſuſceptible of cryſtallization, and pure 
acids decompoſe it as well as borate of ſoda, We 
know nothing more certain of this ſalt; it ſhould be exa- 

mined 
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mined in the ſame manner as borate of ſoda. Baron 


knew the poſſibility of producing this falt by a direg of 
combination of the boxacic acid with potaſh ; he ka fl 
even diſtinguiſhed it accurately from common horax, | 
or borax with a_baſe of ſoda; but not a word has he 1 
ſaid concerning the peculiar properties of borax. of qu 
potaſh. | th: 
the 

Species IX. Fluate of Soda. ſee 

F for 
AccoRDING to the ſyſtem of nomenclature to which alli 
we have conformed from the beginning of this work fix 
hitherto, the name fAuate of ſoda denotes the combi. / 
nation of the fluoric acid with potaſh. 'This neutral of 
ſalt has, as yet, undergone but a very ſlight examing- M. 
tion—by Meſſrs Scheele and Boullanger. According and 
to theſe two chemiſts, it always appears in a gelatinow Wt 
form, and is never cryſtallized. | According to Scheele, for 
it becomes, when dried and melted, acrid, cauſtic, and obt: 
gelatinous. He compares it in that ſtate to liquor a riat 
flints. It appears that fire diſengages the fluorie acid; ric : 
and that the ſiliceous earth with which it is always in- N 
pregnated during its preparation, then melts into a bv attic 
luble glaſs with the help of the potaſh. kno! 
Fluate of potaſh diſſolves very readily in water. | in of 


always retains ſo large a proportion of this fluid, tha 
it is impoſſible to make it afſume a cryſtalline form. 
When it is well ſaturated, a ſolution of it produces 
alteration on ſyrup of violets. 

We know not in what manner either filiceous, i 
gillaceous, or barytic earth or magneſia, affects thy 
ſalt. 


Accordia 


- 


2. * 
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According to Scheele and Bergman, lime has more 
affinity than potaſh with the fluoric acid. Throw 
fluate of potaſh into lime-water it is inſtantly decom- 
poſed: lime unites with the fluoric acid, forming an 
inſoluble ſalt, which takes away the purity of the li- 
quor, and is fluate of lime. We'ſhall afterwards ſee 
that lime likewiſe decompoſes neutral falts formed of 
the carbonic acid with fixed alkalis, We have already 
ſeen that lime-water precipitates borax of ſoda; there- 
fore the fluoric is not the only acid which has a greater 
affinity with that falino-terrene ſubſtance than with the 
fixed alkalis. 

'The concentrated ſulphuric acid decompoſes fluate 
of potaſh by diſengaging its acid; which, according to 
M. Boullanger, appears in the white yaporous form, 
and exhales the odour peculiar to the muriatic acid. 
When this experiment is made in an apparatus proper 
for diſtillation, we obtain the fluoric acid, juſt as we 
obtain the acids contained in nitre of potaſh and mu- 
rate of ſoda, When we decompoſe them with the ſulphu- 
ric acid, 

No inquiry has hitherto been made concerning the 
action of the nitrie and the muriatic acids, or of the 
known neutral falts,' on fluate of 'potaſh. This ſalt is 
in other reſpects little known, and is applied to no ule. 


Species X. Fluate of Soda. 


Tuis is a proper enough denomination for the neu- 
tral ſalt formed by the ſaturated combination of the 
fuoric acid with ſoda, This, like the foregoing ſalt, 
las been but very little examined. No body but Meſſts 

| Scheele 


and they differ in their opinions, as we are about 
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Scheele and Boullanger, has ſaid any thing about it; 


to ſee. 
Scheele aſſerts, that a combination. of ſoda with the 
fluoric acid forms à jelly like the preceding {alt 


Boullanger, on the contrary, ſays, that the combination 
affords very ſmall, hard, brittle cryſtals, of an oblong 


ſquare figure, a bitter taſte, and ſomewhat ſtyptie. 
This ſalt decrepitates on burning coals like muriate of 
ſoda; it diflolves in water, but not readily, | 
Lime-water decompoſes this ſalt as well as fluate of 
potaſh. The ſulphuric diſengages the fluoric acid from 
this ſalt with efferveſcence, cauſing it to riſe, like the 
muriatic acid, in a white vapour of a pungent ſmell, 
From this ſhort account of this ſalt, the reader may 
perceive that it is not better known than the laſt. 


Species XI. Carbonate of Potaſh. 


Tut laſt two neutral ſalts which we have to examine, 
are combinations of the carbonic acid with fixed al 
kalis. | 
Theſe ſubſtances were never before reckoned among 
the neutral ſalts : but we ſhall immediately ſee that 
they are true neutral ſalts. 

What we call carbonate of Potaſb, is a neutral {al 
reſulting from a ſaturated combination of carbonic acid 
with potaſn. Some modern chemiſts call it mint 
tartar, atrated vegetable alkali, c. This ſaline ſub. 
ſtance was always taken for pure alkali, till Dr Black" 
experiments ſhowed it to be a neutral ſalt, Its old 


name was fixed ſalt of tartar, becauſe it was obtained 
I by 


which, 
altered 
miſt o 
diſcoxe 
tar, — ] 
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dy the incineration of tartar of wine. It was conſider- 
ed as an alkali, becauſe it poſſeſſes ſome of the proper- 
ties of alkaline ſalts. It does indeed convert ſyrup of 
violets to a green colour; but borax and ſeveral other 
neutral ſalts poſſeſs the ſame property: beſides, it nei- 
ther deſtroys nor weakens the colour of violets like 
potaſh, It has an alkaline taſte ; but the ſame is diſtin- 
guiſhable in borax : only it was diſtinguiſhed from 
alkali of ſoda by its power of attracting the moiſture of 
the air with great rapidity, and its not being ſuſceptible 
of cryſtallization, When thus moiſtened in the air, it 
received the name of oil of tartar per deliquium *. But 
fixed ſalt of tartar poſſeſſes theſe two properties only 
becauſe it is not a perfect neutral ſalt, Containing 
ſtill a certain quantity of potaſh not ſaturated with 
carbonic acid, this excels of alkali renders it delique- 
ſcent. At preſent, this ſalt is obtained in a ſtate in 
which it is very ſuſceptible of / cryſtallization, and 
attracts no moiſture, but rather effloreſces. The 
Duke de Chaulnes, who has paid much attention to 
this object, prepares this ſalt, by expoſing a ſolution of 
potaſh, either cauſtic or containing a little of the car- 
bonic acid, in a place full of carbonic acid, as in 
the upper part of a barrel of beer when it is ferment- 
ing. The alkali ſeizes as much of the carbonic acid as 
; it 

* Bohnius relates, that evaporating oil of tartar lowly, by a mo- 
derate heat, he obtained, under a ſaline pellicle, beautiful cryſtals, 
which, though expoſed to various temperatures, remained fix years un- 
altered ( Diſert. Phyſico-Chem. 1666.) M. Montet, a celebrated che- 


milt of Montpelier, who was certainly unacquainted with Bohnius's 


CO has invented a proceſs for cryſtallifing this fixed ſalt of tar- 
tar, — F. 
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it can abſorb, and is regularly cryRalliſed. Its cryſtal 
are quadrangular priſms, terminating in very ſhort Dy. 
ramids with four faces, 

Carbonate of potaſh has an urinous taſte, but muck 
weaker than that of the cauftic vegetable alkali; forin 
medicine it is given as a diſcuſſive in doſes of ſeyen 
grains. This neutral ſalt is very ſubject to alteration 
from fire; it melts eaſily, and is pretty quickly redy. 
ced to an alkali. If it be diſtilled in a retort with x 
Teceiver, and a pneumato-chemical apparatus with mer. 
cury fitted to it, the products obtained are, the water 
of its.cryſtallization, and its acid in an aeriform ſtate 
The potaſh, after this operation, remains in an irregy- 
lar maſs, ſtill retaining, however, a ſmall portion of the 
acid, which cannot - without the greateſt difficulty he 
extracted from it by fire. According to Bergman 
analyſis of it, carbonate of potaſh, when ſaturated with 
the acid, and regularly cryſtalliſed, to which he gin 
the name of a#rated vegetable alkali, contains in the 
quintal twenty parts of the acid, forty-eight of pur 
alkali, and thirty-two of water. But it is to beob 
ſerved, that carbonates are more liable than other new 
tral: ſalts. to vary in the quantity of the acid. Yet, # 
this ſalt never furniſhes regular cryſtals but when it i 
tully ſaturated, Bergman's calculation deſerves to bt 
conſidered as ſufficieatly accurate, 

Carbonate of potaſh, when fully cryftalliſed, ſufſen 
no alteration from air; its cryſtals neither deliquial 
nor efloreſce, but remain tranſparent. This ſalt, wits 


ſo pure as to poſſeſs this property, being of uſe in m 
ny experiments, it may be proper to let the read! 


know that it is prepared in the following manner: N 
expoliat 


oat 
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expoſing a lixivium of common potaſh, very pure and 
white, and ſeparated: from the ſulphate of-potaſh which 
it uſually contains, in a ſhallow diſh, in the upper part 
of a beer barrel; and the proceſs is the ſooner com- 
pleted, if the potaſh be continually ſtirred or poured 
out of one veſſel into another; and if it be thus kept 
in contact with the carbonic! acid produced by fermens 
tation, till ſuch time as it depoſite beautiful cryſtals of 
carbonate of potaſh. _ 

This ſalt diffolves readily in four parts of cold water, 
and a rather ſmaller quantity of warm water will main 


uin it in ſolution; it produces cold 8s it Unite witb 
that fluid. This property which diſtinguiſhes neutral 


from ſimple ſalts ſufficiently determines: the difference 
between carbonate. of - potaſh and pure or cauſtic pots 
aſh. It is cryſtalliſed by evaporation and cooling con- 
junctiy. When the ſolution is too much congentras 
ted, it takes the form of an irregular — of 
ten happens in the laboratories. 

This ſalt, as well as potaſh, ſerves as a flux to vitriſia - 
ble earths; becauſe fire reduces it to an alkali by ex- 
pelling the carbonic acid, Beſides, when this ſalt,” with 
a mixture of ſand, is violently heated in a crucible, a 
lively efferveſcence may be obſerved at the inftant of 
vitrification ; and that efferveſcence is owing to the 
diſengagement of the carbonic acid. This fact ſhows 
that ſiliceous earth cannot enter into combination with 
an alkali ſaturated with this acid, and that the acid eſ- 
capes when the vitreous combination takes place, 
This efferveſcence attends ſo invariably the combi- 
nation of theſe two. ſubſtances, that Bergman pro- 
poles to try filiceous earth by means of the blow- 
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pipe, with carbonate of potaſh, as no other earth eib 
bits the _ er "when ee "on this 
1 
Clay does not at at all on Giriloag of potaſh ; but 
the ſalt reduces that earth to a vitreous frit, though not 
quite ſo eaſily as does'cauſtic potaſh. Barytes deprives 
tha ſalt of the carbonic acid. 
Lime likewiſe decompoſes it, having a greater affinj 
ty than potaſh with the acid. Lime-water poured into 
a ſolution of carbonate of potaſh; gives a precipitate of 
an glmoſt inſoluble ſalt, produced by the combination 
of lime with the carbonic acid; and the pure or cauſ. 
tic alkali remains diſſolved in the water. In pharmacy, 
this proceſs is made uſe of for the preparation of the 
lapis cauſticus, which is nothing but fixed vegetable 
alkali rendered cauſtic by lime. Modern diſcoyerie 
have ſhown, that Lemery's proceſs for preparing the 
Zapis cauſticus, though followed by many pharmaco- 
pœiæ, is very defective. It conſiſts in mixing tw 
pounds of aſhes obtained by the combuſtion of the 
huſks of grapes with lees of wine *, with a pound d 
quicklime, immerſing the mixture into ſixteen pound 
of water, filtering it, evaporating this lixivium in 
copper veſſel, melting the reſidue in a crucible, and 
pouring it out upon a plain ſurface, The product ob- 
tained by this operation is merely a dirty alkali not 
ry cauſtic, and containing copper. 


Bucquet, ſenſible of the diſadvantages of this pv 
£ : 4 cel, 


* Theſe aſhes contain a great deal of vegetable alkali or cube 
and ſulphate of potaſh— F. 
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ceſs, has given one, more tedious and expenſive in- 
deed, but much more certain and advantageous, eſpe- 
cially for preparing very pure potaſh, which is ſo ne- 
ceſſary in chemical experiments. Take two pounds of 
very ſtrong quicklime; pour a little water upon it to 
reduce it to powder; add a pound of fixed ſalt of tar- 
tar, and pour upon it as much water as may be ſuffi- 
cient to form it into a paſte: When this mixture be- 
comes cool, add to it water to the quantity of fixteen 
pints, and put the whole into a linen cloth lined with 
paper; about twelve pints of a clear liquor will paſs 
through this ſtrainer, and the remained is to be waſhed 
with four pints of boiling water to take away all the al: 
kali. This liquor gives no efferveſcence with acids: 7 


but the beſt teſt for trying its cauſticity is to obſerve 
whether it clouds lime-water ; for if it contain the ſmal- 
leſt portion of . carbonic acid, it will infallibly ꝓroduce 
that effect. But as, after this firſt proceſs, it'll gives 
a precipitate with lime-water, when very pure alkali is 
wanted for nice experiments, the lixivium may be 
treated with two additional pounds of quicklime. It 
then paſſes very clear through the ſtrainer, and be- 
comes ſo cauſtic as not to alter the tranſparency'of lime. 
water. When the alkali is evaporated by fire in the 
open air, that ſalt abſorbs the carbonic acid contained. 
in the atmoſphere ; therefore, to obtain it in a dry 
form, and very pure, weanuſt evaporate the liquor in 
a retort, But this very tedious proceſs is not neceſſa- 
ry for producing the lapis cauſticus ; for if alkali be of 
ſuch ſtrength as to corrode the ſurface of the ſkin, it is 
ſufficient for the purpoſes of that preparation. But: 
as dry folid potaſh, in a ſtate of high purity, is neceſ-- 

Gg 2 ſary 
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| ſary in many experiments, I muſt here obſerve, the 
the cauſtic alkaline lixivium muſt be | evaporated 
in Cloſe veſſels, and that the fire muſt be very cauti. 
ouſly managed, becauſe the evaporation is attend. 
ed with conſiderable difficulty, in regard to the den. 
fity which the liquor aſſumes towards the end of the 
proceſs. The fixed alkali is very white, and does not 
r W 9 nor ny the purity of line. 
water. 

0 does not act on earbonate of d 1 
the carbonic acid has a greater affinity with fixed 
vegetable alkali than with that ſaliri6-terrene ſyb- 

. Nance. | 

The ſulphuric, the nitric, the muriatic, and ibe 


Wo 


fluoric acids, decompoſe carbonate of / potaſh by hor 
combining with the fixed alkali, and ſeparating be alt 
carbonic,acid with efferveſoence. The acid may be call 
collect l Ar der water or mercury. It is diftinguiſh- and 


able by the four following characteriſties: it i 
more ponderous than air; it extinguiſhes lights; 
reddens tincture of turnſol ; and nn. lime- 
Water. 

The boracic ack ſeems incapable of ſeparating the 
acid from carbonate of potaſh cold; but when hot, it 
effects it with great eaſe. 

The neutral ſalts which we have exiting neither 
ſuffer any alteration from carbonate of potaſh, nor pro- 
duce any ſuch effect upon it. 

Ibis ſalt aboundls in nature. It is often found in ve- 
getables, completely formed, and is conſtantly ob- 
tained by the incineration of theſe organic bodies; 28 


we ſhall have occaſion to ſhow when we come to ſpeak 
| " "SM 


of the vegetable kingdom. Burnt tartar affords ĩt in 


the greateft abundance, It is alſo prepared by the de- 


tonation of nitre of poraſh. 
Carbonate of -pataſh' is much uſed in the arts. In 


medicine, it is adminiſtered as an aperient and diſcuſ- 


paſſages. It is always given in ſmall doſes, and along 
with ſome ſubſtance of efficacy to moderate its 'ac- 
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Species XII. Carbonate of Soda. 
Tuis ſalt, like the foregoing, was formerly thought 


alt which the ancients called natrum. It is uſually 
called ſalt of ſoda, becauſe it may be obtaine@pure 
and regularly eryſtallifed by evaporating a lixivium 
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ed from vegetable fixed alkali, by its being ſuſceptible 
of cryſtalliſation and effloreſcence, wifich is owing to 
ts being completely ſaturated with carbonic acid in its 
ordinary ſtate. 5 
Carbonate of ſoda has an alkaline taſte; it commu- 
cates a green colour to ſyrup of violets, but does not 
xe cauſtic ſoda, finally alter its colour. Its taſte is urinous, 
ut not burning, and much weaker than that of pure 
arine alkali. 

This ſalt is naturally purer than carbonate of potaſh, 
d bas been long known to be ſuſceptible of cryſtal-' 
ron; a property which may be conſidered as form- 
sa general diſtinction between neutral and ſimple 
, | ſalts, 


five, in obſtructious of the meſentery and the urinary 


an alkali. It is, however, a combination of the car- 
bonic acid with mineral alkali. This ſeems to be the 


of common foda. Marine alkali is likewiſe diſtinguiſh. ' 
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ſalts. Its cryſtalliſed form is owing to its containng 
almoſt, always the quantity of carbonic acid neceſlr 
to its ſaturation and eryſtalliſation. 

This ſalt, when haſtily cryſtalliſed, exhibits — 
boidal plates, diſpoſed obliquely over one another, like 
tiles on the roof of a houſe. . When ſlowly cryſtalliſed, 
it aſſumes the form of rhomboidal oRohadrons, with 
pyramids truncated near the baſe, or ſolid decahzdrong 
with two acute and two obtuſe angles. 

This ſalt generally melts eaſier than carbonate of 
potaſh ; for which reaſon it is uſed in preference to it 
in the glaſs-houſes. It loſes moſt part of its acid by 
heat but ſtill retains a little. Bergman has found, by 
an exact analyſis, that an hundred parts of carbonate 
of ſoda, which he calls aerated mineral alkak,' contain 
- ſixteen parts of the acid, twenty of pure alkali, and 
ſixty our of water :—ſo that more of the acid is requi 
ſite to ſaturate ſoda than to | ſaturate potaſh ; and the 
cryſtals of the former retain juſt twice as much watet 
as thoſe of the latter. It is to this extraordinary quat 
tity of water that carbonate of ſoda owes its er fall 
fing with ſuch facility and regularity, as well «i 
property of effloreſcing. 

Carbonate of ſoda is more ſoluble than carbonated 
potaſh. It diſſolves in two parts of cold or one d 
boiling water. It cryſtalliſes by cooling, but g's 
much more regular cryſtals by flow evaporation. 

When this falt is expoſed to the air, it erumble 
down very readily into dutt ; for the air deprives it« 
the water of its cryſtalliſation : But it is not altered Vi 
this effloreſence; for we can reſtore it to its prima 
form by ſolution in water, | 


: 
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11 contributes. greatly to the fuſion of vitrifiable 
earths, and forms with them 'a glaſs leſs liable to alte- 
ration than that which is in part compoſed of carbonate 
of potaſh, to which it is for this reaſon preferred in the 
glaſs-houſes. It has been obſerved, that when ſand . 
unites with, this ſalt, it expels the acid, which eſcapes 
with a very obſervable efferveſcence, agreeably to what 
we have remarked of carbonate of potaſh. It has no 
more influence on clay than the laſt ſalt. Mat 

Barytes, as well as quicklime and limewater, de- 
compoſes carbonate of ſoda in the ſame manner as car. 
bonate of potaſh, and ſeparates the pure cauſtic mine- 
ral alkali A ſolution of this ſalt poured into lime- 
water produces a precipitate ; an effect which is never 
produced by cauſtic ſoda, When pure cauſtic ſoda is 
wanted for nice chemical experiments, recourſe muſt 
be had to the ſame proceſs which we deſcribe@ above 
for preparing the lapis cauſticus. 

Carbonate of ſoda, as well as carbonate of potaſh, | 
may be decompoſed by the ſulphuric, the nitric, and 
the muriatic acids, &c. The carbonic acid may be 
obtained from it by collecting it into a glaſs filled with 
water or mercury. 

In Egypt, this ſalt is found entirely formed at the 
ſurface of the earth, as well as in ſeveral other places. 
It is likewiſe found in the aſhes of ſea - weeds, but not 
completely ſaturated with the acid. To render it more 
perfectly neutral, it muſt be directly combined with 
the cretaceous acid, either by ſhaking it over ſome li- 
quor in a ſtate of fermentation, or by receiving into a 
ſolution of it a portion of the carbonic acid, ſeparated 


from 


from chalk by the ſulphuric acid. It may be alſo pro- 


duced by, wetting the fides of a veſſel with a ane 
of ſoda, and then pouring into the veſſel a quantity 


| of, carbonic. acid: the mouth of this veſlel } is then to 


be covered with a wet bladder; and at the end d 
few hours, the combination is found to be affeched 


for the bladder is emptied by the abſorption of the 


carbonic acid, and the ſides of the veſſel are covered 
with the ſalt in regular cryſtals. | 

Carbonate of ſoda may be applied to the ſame pur. 
poſes with carbonate of potaſh. It is much more uſed 


in ſoap and glaſs manufaRtories, &c. &c, We fliould 


therefore endeayour. to procure it in greater quantities, 
and to extract it in the great way from muriate of is 
da. We have ſeen that litharge, which ſome chemiſts 
pretend to be adequate to this effect, does not proper 
ly decompoſe that ſalt. We have alſo taken notice of 
Scheele's having diſcovered a more entire decompoli> 
tion of muriate of ſoda, effected by quicklime and ron, 
with the help of atmoſpheric air, and the carbonic: 


acid which it contains. We ſee that a greater propots. 


tion of this acid than what uſually exiſts in the atmok 
phere, is requiſite to promote this decompoſition, by 
exerting its attractive force on the ſoda, 
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